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BP Minerals, America
1515 Mineral Square
Salt Lake City, Utah B4LI2

Attention: Colin Smith

SHB Job No EB7-203BB

90, SALT LAKE CITY, UTAH A4123

Re: Geotechnical Investigation Report
Waste Rock Dumps
Barneys Canyon project
Salt Lake County, Utah

Gentlemen:

Transmitted herewith is our Geotechnical rnvestigationReport for the waste rock dumps for the referencea project.The_ report presents the results of the field invesligationr:orFarmaA -i ^!vE!!v!,,,Eu rlr December I LggT and the results of laboracoryanalyses t o'lonq with our evaluation of the overall stabi'l i rrzof the dumps

rf any guestions or comments arise concerni-ng thi_s report,please contact the undersiEned.

Respectf ul ly submi_tted,
Sergent, Hauskins & Beckwith Enqineers'/

Reviewed by

Copi-es: Addressee (3)
BP Minerals, America

Attn: Jay Hammitt (1)
Attn z Z .M. Zavodni (f )

JBR Consultants
Attn: Robert J. Bayer (1)

PHOENIX
1602) 272-6A4A

REPLY TO: 4O3O S.

TUCSON
(602) 792_2779

5OO WEST, SUITE

ALEUQUEROUE
(505) aa4-o950

SANTA FE
(sos) 47 l -7436

SALT LAKE CITY
(aor ) 266-0720

EL PASO
(915)564-tOt7

ngron

No. 7550
DARREL L.

BUFFINGTON
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Page 1

geotechnical
dumps for Bp

The project
portion of

Section 36,
A site plan
in Appendix

INTRODUCTION

This report presents the results of our
investigatj_on for the proposed waste rock
Minerals Americars Barneys Canyon project.
site is located within the west central
Sectj-on 3l- and the east central porti-on of
T2S, R2W, in Salt Lake Countyr Utah.
showi-ng the overall site layout j_s presented
A.

The objective of this investigation
physical properties of the soils and
site, to enable an evaluation of the
the proposed waste rock d.umps.

was to evaluate the
rock underlying the
slope stability of

PROJECT DETAILS

Approximately 4OO million tons of waste rock produced
from development of the Barneys canyon pit is to be
disposed of in two dumps as indicated in the site pran
presented in Appendix A. The dumps wil' be constructed
by end dumping in essentiarry a side hill configuration , "r

on topography which generally ranges from 13 to 3gpercent. Advance of the dumps wirl be in lifts reaching
maximum heights of 290 feet.

,,.- ilr\
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the following

mapping and
agencies, and

from state

3. INVESTIGATION

3.1 Review of Available Data

During the course of the investigation,
data were acquired and reviewed:

A. Published and unpublished geologic
llterature available from governmental
professionaL societies.

B. Published groundwater literature
gfovernmental agencies.

c' Published reports concerni-ng regional seismotectonics
and seismic hazards.

D. Previous
by SHB for

geotechnical investigation reports prepared
the UCD Modernj_zation project.

3.2 Geologj_c Reconnaissance

As part of the site investigation for the waste rockdumps as well as the associated heap leach pads, ageol0gic reconnaissance was performed by Bruce N.Kaliser, senior Geologist with sHB. of primary i-nterestin the reconnaissance was evaluating the potential fordebrj-s flows and the presence of landslide featureswithin the si-te area. surface exposures were somewhatlimited due to snow cover at the time of the
reconnaissance.

t,wi, SERGENT, HAUSKINS & BECKWITH
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3.3 Subsurface Investigation

B-10 , B-L4,
leach pad and
Report dated
The borings
equipped with

Page 3

B-15, PB-3 and pB-4 drilled for the heap
reported in the Geotechnical Investigation
January 20, l9BB (SHB Job No. EB7-20388. )

were advanced utilLzLng a CME-55 dril1 rig
6-L/ 2 inch hollow stem auger to depths

A total of L2 exploratory borings were completed in the
area of the waste dumps. These include Borings B-9,

ranging from 10 to 45 feet below existi-ng site grade.

standard penetration testing or open end drive sampling
were performed at five foot intervals or less in the
ho11ow stem auger borings.

All soils were classified using the unified soil classi-
fication System (ASTM D24g7l which is summarized in
Appendix A. Terminology used in the description of
soils and a descripLion of drirling methods employed,
are also presented in Appendix A. A site plan showing
the location of the borings is presented in Appendix A.
The field investigation was supervised by Jim Higbee,
P.E. of thi_s flrm.

3.4 Laboratory Testing

Moisture contents were determined for selected disturbed
sampres and are shown on the boring 1ogs. To aid in the
classification of subgrade materials, the grain_size
distribution and Atterberg Lj_mits of selected samples
were determined. Results are presented in Appendix B.
As part of the geotechnical investigation for the heap

t,wi, SERGENT, HAUSKINS & BECKWITH
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leach pad, direct shear tests were performed on in situ
and remolded samples of pad subgrade material to
evaluate the engineering properties of materials that
will form the leach pad and waste dump foundations.
Results of the direct shear testing are presented in
Appendix B of the Geotechnical Investigation Report for
the heap leach pad (SHB Job No. EB7-2038A) and are
summarized herein Fiqure l.

GEOLOGY & GEOTECHNICAL PROFILE

Regional Setting

The Barneys Canyon Project site is located along the
eastern flank of the northern portion of the Oqulrrh
Mountains. The Oquirrh Range is a typical north-south
trending, block faulted range in the eastern part of the
Basin and Range physiographic province. Bedrock
consists of Late Paleozoic and Tertiary Age sedimentary
and volcanic units, unconformably overlain by the Early
Pleistocene Harkers Alluvium. To the east of the site,
the Harkers is in turn overlain by constructional
shoreline and lake bottom deposits of Mid-Late
Pleistocene Lake Bonneville, and by Late Pleistocene to
recent alluvial fan deposits, stream gravels, va1Iey
fill and talus deposits (Tooker and Roberts, L97La and

L97Lb; Swensen, 1,975; Davis, l9B3 ) .

The most significant geologic unit relative to the waste
rock dump site geology is the Harkers A1luvium, of

_l _

4.
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=.I

t,wi, SERGENT, HAUSKINS & BECKWITH
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probable early Pleistocene age. Shoreline facies
deposits of Lake Bonneville, mapped as the Bonneville
Alpine Formation, unconformably overlie the Harkers
Alluvium along the Elevation 5200 shoreline of Lake
Bonneville, about three miles east of the site. The
youngest materials in the site area are relatively thin
deposits of recent alluvium along the dissecting
drainages.

The Harkers Alluvium was originally named the Harkers
Fanglomerate for its type locality in Harkers Canyon by
Slentz (1955) and was renamed the Harkers Alluvium by
Tooker and Roberts (l-971a) because of its great size
distribution and largely unindurated nature. It occurs
as extensive fan deposits on both sides of the Oquirrh
Mountains. The thickness is unknown but probably
reaches more than 300 feet in places and probably varies
considerably. This unit unconformably overlies Tertiary
volcanic rocks along the east flank of the Oquirrh
Range, including the site area.

The character of the Harkers Alluvium is highly variable
but, in general, consists of poorly sorted boulders,
coarse to fine gravel, sand, silt and c1ay. Natural
exposures are not common, but the Harkers is well
exposed in numerous railroad cuts, including some along
the Tailings pipeline corridor that bounds the east end
of the site. Poorly sorted layers contain boulders up
to several feet or more in diameter with clayey sands
and gravels, clean, w€1I-sorted sands and gravels with
well-developed cross bedding, and occasional well sorted

_l_

t,wiu SERGENT, HAUSKINS & BECKWITH
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layers of silty or sandy clay and clay. Erosion and

deposition by successive cross-cutting stream channels
is evident in all exposures. Some of the more poorly
sorted deposits, containing large boulders in a matrix
of gravel, sand, silt and cIay, were probably deposited
by mudflows. The rapidly changing and cross-cutti-ng
nature of the various deposits within the Harkers
results in a highly variable and unpredictable nature of
the alluvium underlying the site.

Slentz (1955) considered the Harkers to be Pliocene j-n

d9€, but Tooker and Roberts (1971-a) assigned it an early
Pleistocene &9€, largely because of its unconsolidated
nature and because it overlies consoLidated Tertiary
sedimentary and vol-cani-c rocks. No fossil evidence for
an age assignment has been found.

4.2 Regional Groundwater Conditions

Hely and others (L97I) present a map showing water leve1
contours for the principal aquifer on the eastern side
of the Oquirrh Mountains. From Barneys Creek north to
Magna, depths to the principal aquifer are extremely
.tenare 1 i zed :nd nn'l rr One ObSefVatiOn Wel l eXiSted at, sr.v

the time of publication of their map. The surface of
the principal aquifer is thought to dip steeply downward

from the east flank of the Oquirrh Range toward the
Jordan Va11ey.

Based on the groundwater contours literature and recent
groundwater level data, (Dames & Moore' l-988) the

SERGENT, HAUSKINS & BECKWITH

CqSLTIT GEOECHNA EreIX€ERS
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principal groundwater aquifer
imately 100 to 300 feet below
heap leach pads site.

4.3 SITE CONDITIONS

Page I

occurs between approx-
the ground surface at the

4.3.l- Local Setting

The waste dump site is located on a broad alluvial
fan sloping off the eastern flank of the oquirrh
Range which has been dissected by generally east flow-
ing ephemeral drainages. The ground surface across
the site ranges from elevation 6600 feet at the
western most edge of the northern dump to about 6000
feet at the eastern edge of the southern dump. over-
a1l ground slope is at about 16 percent to the east.
Locally however, slopes as steep as 50 percent occur
along the steep sided drainages crossing the site.

On si-te veqetation consists of sagebrush, sparse
grass and scattered thickets of brush and sma11
traaq

4 .3 .2 Geotechnica 1 prof i- 1e

The proposed waste rock dump site is underlain by
highly variable units of cIay, silt, sand, gravel,
cobbles and boulders. The materiaLs are generally
stratified, but variations within individual layers
are frequent and unpredictable. These deposits are
underlain, dt depth, in turn, by an irregular bedrock
surface.
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Below the upper
generally dense

Page 9

The alluvial unit beneath the reach pads site is
designated Harkers alluvium and is composed of
al luvial fan deposits, which are believed to be
Pleistocene in ase. The site is essentiallv an
erosional surface with a considerable amount of the
Harkers alluvium being eroded away in the past. A
thin layer of recent alluvium is present at the
surface in some areas of the siter particurarly
within the bottoms of drainaqes.

The character of the alruvial materials encountered
in the exploratory borings is highly variable, as
would be expected in an alluvial fan deposit of this
type- The predominant soil materials encountered in
the borings are composed of gravelly and sandy cIays,
clayey gravels, and clayey sands with occasional thin
layers of silty gravels, sirty sand, and. relatively
clean sands and gravels. The clayey materials
encountered generally exhibit moderate to hiqh
plasticity. Occasionally, large gravel and cobbles
were encountered in the materials described above.

Most of the alluvia1 materials encountered during the
exploratory drilling program were in a slightly moist
to moist condition. A slight degree of secondary
cementation was encountered in occasional samples,
and a marbling effect of calcium carbonate was also
observed, especially in the clayey materials.

to 5 feet, the granular soils are
very dense while the fine-grained
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During the
locations
topography
: TAA Q ITA

Appendix A.

identif ication
f oa J- rrroc IT
years) and appear

4.3.3 Groundwater

The site is located near
seismically active northern
Range Province of the western

Page 10

soils are, in general, firm to hard. However,
moderately firm layers or lenses of clays and sandy
clays were also observed.

s ite geo logic reconna j_ssance, two
were identified as having anomalous
indicative of landslide morphology. These
delineated on the site plan presented in

The snow cover prevented positive
that these features are landslide
sor the slides would be old (l_0,000 +

to be stable at the present time.

No free groundwater was encountered in any of the
borings drilled in the area of the waste rock dumps.
However, many of the soil materials observed in the
borings and test pits were moist to very moist.
F'trr#har discontinous perched groundwater was
encountered in isolated borings drilled to the east
of the site for the heap leach pads, indicati_ng other
minor zones of perched water may occur within the
waste rock dump site.

SE]SMIC I TY

the eastern boundary of the
portion of the Basin and

United States.

SERGENT, HAUSKINS & BECKWITH
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Page l-l_

The Basin and Range province is an extensional system of
horsts and grabens forming over an extending crust about
20 to 25 kilometers thick in the site regiion (Smith,
L979). Systems of high-ang1e, normal faults separate
the horsts and grabens, and similar fault systems with
lesser displacements present within the horst and graben
blocks.

Regional seismicity maps have been compiled for utah
based on available historical data from l-850 throuqh
l_980. An additional computer search for seismicitv
within the state of utah was recently performed. These
data detect earthquakes of about magnitude 4.5 and larg-
er from l_850 to June, L962i 1arger than about magnitude
2-5 from June, L962 to september, Lg74; and si_nce then
larger than about magnitude 1.5 in the site reqion
(Richins, 7979) . Small to moderate sized earthquakes
are numerous in the site region and are associated with
the wasatch faurt zone, Basin and Range faults such as
those on the west flank of the oquirrh Range, and events
which cannot be assigned to known structures.

rn the site area' a moderate sized earthquake (M = 5.2)
occurred on september 2, L962 with a hypocenter located
at latitude 40o42.92,N, longitude LI2o5.33'W, and a
depth of 7 kilometers (Richins, Lg7gl. The epicenter,
in the northeast portion of Magna, was about L4
kilometers north of the site. other smaller events are
near this area and are probably aftershocks of the M =
5.2 event. There is no geologically defined structure
in the area of this seismicitv.
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various published fault maps indicate that active
faulting (i. e. faulting in Holocene time about the
last l-1r000 years) occurs at the surface in the site
region (Bucknam t L977 i Anderson and Miller , LgTg) .
Low-sun-angle (LSA) aerial reconnaissance and field
reconnaissance previously performed in the site area has
further derineated the active faults in the area. Two
major fault systems with Holocene activity are within
the site regionr the Wasatch Front about 25 kilometers
to the east, and the western frontal fault system of the
oquirrh Mountains, about B kilometers west of the site.

The wasatch frontal fault system is well studied (e.g.
Arabasz and others , L979; Smith and others , J_979;
Bucknam and others, 1980; Swan and others, 19g01 Swan,
1983) and has been assigned a Maxi-mum credible Earth-
quake (McE) of M = 7.6. Recurrence rate for earthquakes
along the wasatch Front have been determined for some
segments of the fault zone as between 500 and 2,600
years (Swan and others, L9B0). Arabasz and others
(L979 ) estimate for the entire zone an M = 7.5 event
occurs every 232 to 263 years. This is not necessarily
the segment of the zone adjacent to the site region.
Doser and Smith (7982) esti-mate an M = 6.5 to 7.5 event
every 387 to 667 years on one of the segments using
georogtc moment rates. There have been no historical
events with surface rupture on the Wasatch system.

Anderson and Miller (L979) have reported rate euaternary
(10,000 to 500,000 years before present) faulting on the
northwest flank of the oquirrh Mountains. Low-sun-anqle

SERGENT, HAUSKINS & BECKWITH
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SERGENT. HAUSKINS & BECKWITH

t

aerial reconnaissance previously performed shows that
the faulting occurs well below the elevation of Lake

Bonnevil 1e shorelines and displaces the shorelines,
indicating that the faulting is less than about l-l'000

years old, thus, Holocene in age. The Holocene rupture

occurs on a segment of the fault zone which extends from

the north end of the Oquirrh Mountains south for a

distance of about 23 miles (37 km)' At the southern

end, the fault is well segmented from the frontal fault
system of the southwestern oquirrh Mountains by a 90

degree change in trend and intersection of the range

front by structures associated with south Mountain, the

topographic division between the Tooele and Rush

Val 1eys. The frontal fault of the southwestern Oquirrh

Mountains is also an active fau]t, located L6 miles (26

km) from the site at its northern terminus. vlallace
(Lg82) indicates recurrence intervals on Basin and Range

faults such as these zones may exceed 10r000 years.

Seismicity in the Magna area suggests the possibility of

active faulting; however, 1ow-sun angle aerial recon-

naissance and interpretation of L224,000 scale color
infrared aerial photography indicate that there is no

Holocene surface rupture in the area. In the site vicin-
lty older surfaces, probably early Pleistocene in age

(0.5 to l.B million years before present) ' show no

evidence of surface rupture. Wallace (L982) indicates
that moderate to large earthquakes (M greater than about

6.0) are accompanied by surface rupture in the Basin and

RanEe Province. The lack of surface ruPture in the

Magna area is indicative of no events larger than about

M = s during the Holocene and at the site during the

late QuaternarY.
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Earthquake sources/source areas considered in the
evaluation on site earthquake design paramecers are
listed in Table i_. These include the segment of the
wasatch fault zone east of the site, the northwest
seqment of the western frontal fault system of the
oquirrh Mountains, and a source area in the Magna area,
defined from historical seismicity. An MCE has been
developed for these sources/source areas and the on-sj_te
maximum acceleration, in rock, has been calculated. The
McE's are calculated from regressions of slemmons and
others (]-982) based on the rationale provided by
slemmons (L977 ) for the northwest oquirrh Mountains
fault system. MCE's used for the wasatch frontal fault
system developed by Bucknam and others (19g0) are
adopted for this study. The largest historical evenr
which has occurred for the source area defined by
historical seismicity in the Magna area is considered as
the MCE.

Recent seismic zonation has been performed by
Algermissen and others (Lg82) of the site area.
Effective peak horizontal ground accelerations (A4)
have been estimated for various return intervals as parr
of this zonation study. A plot of return period versus
An is presented on Figure 2.

STABILITY ANALYSES

stability analyses were performed for the wastc
pi Ie in which var j_ous potentia 1 f ai lure mode
considered. Static and seismic analyses were c,
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TABTE ]-

Seisrnic Desig: Criteria for the Barnqzs Cantzqr Site

Scur"€/
Soure
Area
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Ncrthrcst
OqlritrA
Ivlct-u'ttairc
Zore
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Area

Soutlruest
auirrn
Mou:tai$
Zcle

l4acimJrt
I€ngth

24 Miles
(39 lsn)

l-8 Miles
(29 I<m)

I\hxilrl.ln
tea:'lte(1)
earthquake
IthELitrde

7.6 (3)

5.2

Distanc to
Site

7 Miles
(l-1 l<m)

l-6 ltiles
(25 kn)

Estimted Pra:<trun(2)
Aceleration in

Rod< at Site
(Fracticn of Uait

Cnravity)

0.34 q + 0.06

0.55 I + 0.06

0.16 g + 0.06

l-6 Miles
(26 ]<m)

4 Miles
( 6 l.sn)

7.0

0.24 g + 0.06

Calculated frcm slsnrors ard others (L982), rnrnal-slip fault relationslrip:
M = 0.809 + t.341- (lcg L), L = lerqth of fault in neters.

D<h:apolated frcm Seed ard Idriss (L982).

Frcrn Brlgnm ard others (l-980).
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A summary of these analyses, including the major
assumptions and factors controlling the analyses are
discussed in the following sections.

6.1- Character & Shear Strength of Waste Rock

From a review of rock mechanics testing of Barneys
Canyon pit rock provided by BP Minerals, the waste rock
is expected to general ly be a relati-veIy hard and

durable material. The weathered and altered zones would
result in softer and more clayey materials being
incorporated into the waste rock dumps. However, the
weaker material would be expected to be sufficiently
mixed with the more durable portion such that the
strength is not significantly affected.

Dump materials are difficult to test during design
because they are not usually accessible for sampling and

the rocks involved are highly variable in most ore
bodies. Rock involved in dumps for "hard rock" mining
of gold, silver, copper, Iead, ziner ITlolybdenum, etc.
generally faI1 within the range of materials which have

been tested for rock-fiIl dam design. A widely used

approach in dump design is to conservatively estimate
shear strength by study of this data (Ca11, L9B5;

Caldwell and others, L985). This approach was adopted
by SHB for the subject project.

Figure 3 represents a summary of the large amount of
triaxial shear testing done in the past 38 years on

rock-fiIl materials and reported in the engineering
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Iiterature. This chart, which has been widely used in
dump design, was originally based on a summary of shear
strength data on quarried rock and coarse gravels by
Leps (1970). Figure 3 shows the relationship between
the angle internal friction ( O a) of broken rock and

the normal stress across the shear plane (vertical
confining pressure). The limits of test data available
at the time and the average curve for rock-fill are
given on the chart. Subsequent data on the shear
strength of rock-fill (Marsal, L974; Donaghe and Cohen,
L97Bi Barton and Kjaersli, i-9Bl-) are consistent with
Figure 3.

The lower limit of tests on seven rock-fiI1 materials
performed by the U.S. Army Corps of Engineers (Donaghe

and Cohen, 1,978) is also shown in Figure 3. This lower
limit was defined by weathered, t€lativeIy soft granite.

It is believed that the lower bound values in Figure 3

which applies to lower density, poorly graded and weak

particles, provides the basis for conservatj-ve selection
of shear strength for the Barneys Canyon waste rock dump

and adequately accounts for effects of weathering of the
dump and/or variations in the ore and clayey inclusions.

There is always a possibility there could be a long-term
reduction in shear strength; however, with the
conservative shear strengths selected for the stability
analysis, it is believed that a considerable allowance
for the weathering is inherent in the design.
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Ca11 (l-985) points out that observations of excavations
in many o1d dumps usually indicate that a considerable
degree of cementation has been produced by weathering
processes. The cohesion created by cementation and clay
formation is believed more than compensates for any

reduction in O6 for most dumps.

Detailed studies of the Kennecott Chino leaching dump in
New Mexico performed for the U.S. Bureau of Mines (w.A.

Wahler & Associates, L974) provide a case record where a
dump has undergone considerable weathering due to
leaching, yet has retained high shear strengths. This
dump, which has been under construction for about 70

years, has a maximum height of over 435 feet and has

end-dump slopes as high as about 200 feet. The dump has

not experienced stability problems although it has been

extensively leached and has springs emanating from the
toe. The dump material consists of heterogeneous
gravelly sand with varying amounts of cobbles and

boulders and about l-0 to 20 percent silty and clayey
fines. The plasticitv index of the material was

generally in the range of 2 to 10 indicating a degree of
weathering of the quartz monzonite rocks into clay. The

coarse fraction of the dump materials is generally in
the range of 6 to L2 inches with some particles being as

coarse as 4 feet nominal diameter. Based on a triaxial
shear testing program, Od. - 39 degrees was selected
for stability analysis of failure surfaces with a

maximum normal stress of about B0 psi. This is somewhat

above the lower limit of Figure 3.

SERGENT, HAUSKINS & BECKWITH
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6.2 Subgrade Shear Strength

Page 2I

A series of direct shear tests were performed on

undisturbed and remolded subgrade samples as part of the
investigation for the heap leach pads to the east of the
waste rock dumps. Results of the tests on undisturbed
samples are presented in Figure L. It should be noted
that the strength values presented for the undisturbed
samples can be considered as a lower bound due to the
bias in soil sampling. Representative samples could not
be obtalned of the more well cemented or granular
strata; thus the samples tested are inherently the
softer materials.

Classification index properties of the samples tested
are similar to the subsoils of the waste rock dump sites
as are the j-nplace consistencies as measured by Standard
Penetration blow counts. Accordingly, these values are
considered representative of the site subsoils.

6.3 Possible Piezometeric Pressure Buildup in the Dump

Considering the height of lift of the dumps and the
topography on which they will be constructed, a

significant amount of segregation is expected with
larger, coarser fragments accumulating at the toe as the
heap advances. Thus, a more reaCily draining zone would
be expected to develop at the base of the dump. This
zone combined with the relatively steep natural ground
grade would aid in draining any water which flows
through the dump.
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The proposed surface water management plan
existing drainages around the dumps. This
j-n the only water into the dumps beinE from
of direct precipitation to the heap. By
proper drainage of the Cump surface to
runoff, infi-ltration can be reduced.

Considering the expected development of

Page 22

will divert
will result

infi 1 tration
maintaining
fac i I itate

a relatively
free draining zone at the base of the dump which would
act as a blanket drain and the relatively minor inflow
of water, it is not expected that a saturated zone will
develop in the dumps. Thus r no phreatic surface was

considered in the stabilitv analysis.

6.4 Stability Analysis

6.4.L Modes of Failure

In evaluating the stability of the waste rock pile,
three modes of failure are considered critical. The

first failure mode is a block slide slope failure
with the waste rock sliding along the origi-naI ground
surface. The second failure mode considered critical
is that of a shallow rotational slip entirely within
the dump material. The third failure mode is a deep
rotational slip through the foundation soi1s.

Rotational and block failures were analyzed utilizing
the computer code STABL2 (Siegel; L975a, L975b) .

This program considers a general shear surface using
a limit equilibrium method of slices. For this
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analysis, the Janbu assumptions for interslice forces
were utilized to develop a stability solution which
satisfies complete equilibrium. A comparison of the
Janbu method of slices with the more rigorous
Spencer's method by Siegel (f975a) has demonstrated
the Janbu method gives somewhat more conservative
results. The factor of safety is generally within l-5

percent of that calculated by the Spencer method.

6.4.2 Results of Analvsis

Three sections were selected for consideration in the
slope stability evaluation as shown on the site plan
in Appendix A. Sections l- and 3 were identified as

the critical slope geometry's of the ultimate height
dumps based on original ground s1ope. Section 2 Ls

considered a critical natural ground geometry for an

intermittent phase as the dumps are developed.

Results of the stability analysis considered are
presented in Figures 4 through 6, which show slope
geometry, strength parameters and the critical slip
surface for each of the three failure modes

cons idered.

6.5 Pseudostatic

A psuedostatic solution of the most critical static slip
surface was performed for a range of horizontal acceler-
ation of 0.059 to 0.5g to evaluate the seismic stability
of the slope. A plot of factor of safety versus
horizontal acceleration (Aa) is presented in Figure 7.
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rn vj-ew of the stiff foundation conditions, the proposed
waste rock pile is in the category of embankment
stability problems where no appreciabre reduction of
shear strength takes place as deformation occurs under
dynamic loads. Thus for horizontal ground acceleration
exceeding 0.19, deformation of the durnp would only occur
during the application of the seismic forces. post
ground shaking, flow type movements associated with a
liquefaction of the waste materials would not be
expected to occur.

Permanent deformation-type of anarysis (Makdisi and
seed I L977) | a modified pseudostatlc method which
accounts for the dynamic characteristics of the embank-
ment and the nature of the ground motions created by the
design earthquake s/ere used for analysis of the finar 1

to L.32 slope. This type of procedure has been
recommended for use in mine dump design by Glass (1991).
Paraller to this analysi.s, performance records of
similar embankments under severe earthquake loadings
were reviewed and consi-dered in the design. Both the
permanent deformation analysis and the review of case
histories indicate that permanent deformations under a
hori-zontal acceleration of 0.2 to 0.39 for the critical
failure zone would be ress than 2 feet. This is con-
sidered werl within safe rimits for the proposed
facility.

6.6 Effect of Ancient Landslides

ring the geologic
I SERGENT, HAUSKINS & BECI(WITH
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reconnaissance of the site, topographic features were
identified which may indicate the presence of ancient
landslide features as shown on the site plan presented
in Appendix A. These features could not be definitivery
identified as landslides due to snow cover. rt appears
the features developed as a result of down cuttinq of
the arroyo channels.

At the presentr the features are considered stabre based
on the ambiguous landslide morphology. Advancement of
the dumps over these areas in a downslope manner could
cause reactivation of the slides howeverr ds a result of
'i nr-roeqi nn {-ha zlri t'i -^ 1u.v uravrrry iorces at the slide head. It
appears this potential can be mitigateci by first
advancing the waste dumps as a finger down the drainagfe
to buttress the toe of the slides. At that point the
dumps can be advanced in the planned manner by normal
downhil I construction.

rt is recommended that at the time the snow cover me1ts,
a second reconnaissance be performed to further evaluate
the potential landslide features to assess their
relative stability and better define the geometry. From
this 1 d plan of dump construction could be established
to provide buttressing of the slides, if required.
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TEST DRII LING EQUIPMENT A}tD PROCEDURES

il
ffi*Iffi#i:'::" :::el!* :ill"!13"!!["ffi:':l:: 

"fl: 

i
cvlinder ano o cylinder "nein!r-"ie-capaur"-"f;;iiiering-abou' 

4'350 and

o,loo foot/pounds-'iorque. to ti! i"iri-lpinole, resp"ctiu:1t-'.,*" spindle

is advanced wrth twin rryarauiic-' ;;;-''apauie of exerting 12'000 pounds

downward force. p"iirin'e tntiiln !;ii t;-iori!t-"o"rt is p-rforred with b

i/Z 0.D., 3 1/4 i.il--tlffor' lten auge" o' i''l/2-inch cbntinuous flight

auger. caruii!' inr".t teeth'"..-noro;11y-used on the auger biLs so they

can often penetrate rock o"' iliv"-rl"""Lrv l!*nt"o soils which require

blasting or very heavy .equipment for "*""u;iion' 
where refusal is

experienced in-""re;.- dril_Iinii.,"-ti.! ho.r.::^-1""- to*"tirnes advanced with

tricone gear oii!u="na-' Nx ;;i using . 
r"t"""ii "i. "" a drilling fruid'

Where auger "nO-ii'"one 
qe?r Oii" ""n"o;-p" '""ito "iu"n""-the 

hole due to

cobbres or caving .conditionri"-ril"^'opei- 
coulrui.a"n drirling with the

eccentric method) is used'- 
tl 

p"i"ussion aown-irre+ole harrner underreams

the hole ana 5' inch steel :"fi;;t-'i"itia"""a into the hole during

drilring. me ;riri-uit i"-""""ni"iE and can u!'i;iou"d fron.the center of

the casing to 
-airow--sanp1!ng- 

"r- the nateri;i b;i"" the bit penetration

dePth.

*ffi E !i"?Fl*li'81ffi"tl:'i,il?Bi;i,1i:EFl:1'l:"il:$
cases , 2,, O.ri.l-' l-'ltti; T-.+: saiplers "tJ'u""a-io 

but"in the standard

penetration r"si"t"n"!. r'Undistur'bedn sas'tes of firrner soils are often

torained with 3,, o.D. 5,'nili" 
-ii""a witrr*ir4Z; i.o- brass rings' The

driving enerry 
-is_gener"11_i"""roea as the nuo,o"" of blows of a 140 pound

30 inch free fa11 drop harnr!i""q"i":a m."i"lit"-ift" samplers ln 6 inch

increrents. However, in straiiri"l-ttiil' o"iii'ig-resistanbe is sonetimes

recorded in 2 or 3 inckr in"""i!iis-so trrat'' soir ct'ing"s and the presence of

scattered gr"u"I -o" cernented layers - can ui -"E"tit' detected and the

realistic penetration values- oiilin"A for. clisii"t"iii'n in design' 
''tese

values are expressed in blows ;;-i;;i-on.trre"ilit'' 
-"unoisturbed" sarpling

of sofrer "oir" 
is somerirgJ "nli'r"""Jiiliiir-*rii-""rteo-sneruv tubes (Asn

D158?).wheresar:p1es^-of-rockare"qui""o'theyare'oLtainedbyNX
diamond core drilling (ASTM OZiiij' TYl9.'"'oif!I'"t"-ilu"red and placed ln

watertighr containers to *i"t"i" field. #;;it; contents for testing'

wlren necessary for testingl*^'ilig""--ilIk r"topr"" are taken fron arger

cuttings.

"#i:ffiiLi:r":::!qii lit :lir:HlElbY drrvlng
ofborings.Tnepenetrorrei".-i'attachedtol5/8tr0.D.
provide ot..."ni"- t-o-minio*""-ria" friction to-itt"t penetration values are

as near as possible " r""!i"l-;i 
;;e tttitiln""'- 'penetration values are

recorded as il" nuder oi"tioi" 
-oi 

" 
r,{0 ;"""d 3o inctr free falr drop

hamner required to advance the iii"i""r"t"" ii-o'n!-ioot lncrements or less'

ffi ;#ril' 
" 

h::;uqi dll' "',ff iikhl ii #d;ffi#
System CgSrr,lZ,{8?) with 

"pp"ob"i"te 
group t'o'ioft"Gini sfroutn on the logs'

I
I
I
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UNIFIED SOIL CLASSIFICATION SYSTE,II

Soils are visually classified by the Unified Soi I Classification system on the boring logs presented in this report.

Grain.size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classification.

The classification system is briefiy outlined on this chart. For a more detailed description of the system, see "The

Unified Soil Classification System" Corp of Engineers, US Army Technical Memorandum No.3-357 (Revised April

1960) or ASTM Oesignation: D2487-66T.

MA,OR DIVISIONS
IRAPHIC
SYMEOL

GROUP
SYMEOL

TYPICAL NAIIIES

o

.9
ata 6
lo
gR
ar ci62zo
<3
EH
dl sl

E5<!o
QceI

;
6o

o

s.i
Fl,ort(r.

Ul- O

d oz
>42q o6GE- 6(?b3.

;€c
3€
-o

s

CLEAN GRAVELS

lL6ss than 5% passos No. 200 sievol

l$t
o j:(Y ..!

GW Well qraded gravels. gravel-sand mixtures.
or sandgravel<obble mixtures.

GP
Poorly graded gravels, graveltand mix-
tures, or sand€raveltobbl€ mtxlures.

GRAVELS WIT.H

FINES

lMore than '127o

pass€3 No.200 siavel

Limrts plot below
"A" line & hatch€d zone

on plasticity chart

al{i'ila GM Si lty gravels. gravel-san&si lt mixtures.

Limits plot abov€
"A" line & hatchsd zone

on plasticity chart

,ffi
GC Clayey gravels. gravcl'san&clay mixtures.

Eg
8',a
lJ1
E;

Rsz
=o6-fizfr
t8
EE

=6y(g

€

CLEAN SANOS

lLess than 5% passas No. 200 seivcl

,o Oo
oooo

, o oo I

slv Well graded sands, gravellY sands.

a aa
aaaa
aaa

SP Poorty graded sands. gravelly san<ls.

SANOS IVITH
FINES

lMoro than 1270 Pass€s
No. 200 sieve)

Limits Dlot bolow
& hatch€d zone

on plasticity chatt

o
o
o

olo
o lool'

SM SilW sands, sand-silt mixttt€s.

Limits plot abovo
"A" linc & hatched zone

on plasticity chart

,ffi sc Clayey sands. sand-clay mixtures.

det
gEj

$;i
gH:

F"Eg
P E!8rJ d.Eg- E}EEr td

SILTS OF LOW PLASTICITY

{Liquid Limit Less Than 501 ili ML
Inorganic silts. clayey silts with slight
plasticity.

SILTS OF HIGH PLASTICITY

(Lhuid Limit llllorc Than 501
MH

lnorganic silts. micacaous or diatofii&
ceouls srltv sorls, elastic sllts.

." i:EE

J IIEE

=rd

CLAYS OF LOIV PLASTICITY

(Liquid Limit Less Than 50) ry, CL
lnoroanrc clavs of low to medium plas'
ticitly, gravelly clays. sandy clays. silty
clavs. lean clays.

CLAYS OF HIGH PLASTICITY

lLiquid Limit {Ulo.o Than 501 m cH. lnorqanic clays of high plasticity. fat
clayE. sandy clays of high plasticity.

NOTE: Coarse grained soils with between 5o/o & 12Yo passing the No. 200 sieve and fine grained soils with limits
plotting in the hatched zone on the plasticity chart to have double symbol.

PLASTICITY CHART

x
uJo
=
(J
tr
at

Jc

DEFINITIONS OF SOIL FRACTIONS

sorL coMPoNENT I ranrtcur stzE RANGE

Cobbles Above 3 in.
Gravel 3 in. to No. 4 sieve

Coarse gravel 3 in. to % in.
Fine gravel % in. to No. 4 si6vo

Sand - No. 4 to No.200
Coarse No. 4 to No. 10

Medium No. 10 to No.40
Fine No. 40 to No. 200

Fines (silt or clayl Eelow No.200 sieve

I-8 SERGEI{T, HAUSKINS & BECIffTTH
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:?.HiNOLOGY rr<:n fn ntrec? r?=qg!J Iv vsv
tr:!: Def !f TvF nFrrq?T.t
!.irlrre'rv--I

^vciq?=\rcY na trT?vuFec ntr qnll <
VtlJ:-l-.rVA Vr\ S:.Ll..l--v vl gvI-v

The te=ai.nology used oR the boring logs to desc:.ibe the
relae:ve dens:.87, consiscencf or fi=laess of soils relaEive
to t,he scandard Denec:aBion resi.sE,3ncs is presenred belo',r.
The siandard penet:ac1on resisE,ance (N) 1:r bLo.'rs per fooc is
obcaiaed by the ASi:'t 0f586 procsdure usiag Z" 0.D. , 1 3/8"
I.D. saaplers

1. Relatrive Densitz. Ter:s
de:r,sicy oi cciresionless,
g;aveL mixi,ures.

0-i
:-10I1-30
31-50
!o*

Raia:i're Consisiancr.
uaice are saeurag3a or

Ve:7 ioose
LOOSe
Mc.iirrr t{a-sa
T) an <a

U:"t tie::se

Ter:s fo: <iesc:lction of
B3a; Satura::on.

f or desc:ig c,ion
uo,cesen!,ed, sands

Pa'l 2--'.ro i'lanej --

of relaclve
aad saad-

clays
I
I

Le

il

i1
.l-rc

.l -U

a-1q

16.-30

30+

N R.e1a:i're Cc:lsisi-.::c? .Rena:ks

Eas:1y pe!,e!;ai,ed s€tr-
erai lgches wii: f:se.
E.:ej i -r nF-.!er1.aE,E<i sg't-
erai iecles v::.: t:ueb.
Car, be per,eg:a:ed s€'r-
l:cies v:ti thusb vi.t:
o,ode=at,e eiSort.
Read:1y iaciegteti wiih
t:uab, bui, PeseF-:at3d
only with grsac eijort.
Readily i.ncienteci wi-.h
thusbsail,.
Ia<iested on17 vil,h d1:-
fic:rlty by th,unabnail.

Ye:7 sof:

Sof:

l.{ai.ir= <ti3--

CFj l.

O:=t sii!:

Xarci

?

t
I
I
I
I
I
I
I

Relative Fi:=ness' Ter:s for desc=aptlon of par-'ia11y
ffi cese!,trad soils ',rhi.ch conmoalT occ:rr La
the Souti?est iecludi:3 c1ays, 'celeet:d granula= naie-
ria1s, sllE,s aad si1t7 aad clayey gralular.soils.

N
0-4
q-.R

o-1 5
16-30
31- 50
50+

Moderacelr f,irr,
Vor= F; --'--J
Ea;ri

I

ls or't- 1./etl
-: I

I
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RIG TYPE

too ot rt3l totlNc No. wB-l

cME-55
6L" Hollow Stem Agglr _EORING TYPE

SURFACE ELEV. 6161.4
I r' Mine

vrsuAL cL sstFlcATtoN

SAIIDY CLAY' with trace of
gravel, medium PlasticitY to
high plasticityr tan to dark
brown

noist to
sllghtly moist
firn%,i
slightly moist
firn to hard

GRAVELLY CLAY, sna1l amount
of sand, 1ow PlasticitY to
medium pJ-asticitlr tsrr
orange' light brown

slightly moist
dense

CLAYEY SAl.lDY GRAVEL, subang-
ular to angular, well graded
low plastlcity, tan' orange'
light brown

sllghtly uoist

slightly modist

GRAVEL, subangular to angu-
tar, well graded' l"ight
brown, tan' orange (1 foot
lense)

s 1 50/6"
'GRAVELLY CLAYEY SAllD, suban-
gular to angular, well
graded, low PlasticitY' tan'
orange

auger at 20.0f
sampler at 21.0r

t
l
I
I
I
I
I
I
I

GROUND WATER
OEPTH HOUR OATE

none

SAMPLE TYPE
A - Augor cultingr. B - Bloek romPlc
S - 2" O.D. 1.38" l.D. rubo :cmPlc.
U - 3" O.D. 2.12" l.O. tubc romplo.
T - 3" O.D. thin-wqllcd Shclby rubr.

A-5
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RIG TYPE

too o; tlst lottNo No. I'lB-2

cME-55
5L" Hollow Stem Auger
6132.4

EORING TYPE
SURFACE ELEV.
oltuu Mine

vtsuAL cLAsstFlcATtoX

rnolst
firn to hard

CLAY with sna1l amount of
fine grained sand and some
gravel, medium plasticity to
high plasticity' dark brown
to tan, orange"%
CLAYEY GRAVELWSAI.ID' subangu-
lar t,o angular, well graded'
low plasticity, tan, orange

slightly moist
medium dense

GRAVEL, angul-ar to subangu-
lar with mlnor amounts of
sand, well graded' graY

slightly moist

sJ-ightly moist
dense

SAIIDY GRAVEL, subangular to
angular, noderate to lrell
graded, orange, tan

moist
dense

CLAYEY GRAVEL' angular' Poor-
ly graded, medium Plast,icltY'
orange, light brown

moist
firm

CLAY, mi.nor amounts of sand
lrith occasional gravel, med='--

ium plasticitY' light brown

slightly molst SAI.IDY CLAYEY GRAVEL' subangu
lar to angular, moderate to
well graded, low PlasticitY'
orange, llght brown

Auger stopped at 2Ol
Sampler stopped at zLl

GROUND WATER
OEPTH HOUR OATE

none

SAMPLE TYPE
A - Augcr cuttingr. B - Block sonplc
S - 2" O.D. 1.38" l.D. iubc somplc.
U - 3" O.D. 2.12" l.D. rubc rqmplc.
T - 3" O.D. thin-wolbd Shclby rubc.

A-6
SERGENT, HAUSKINS & BECKWITH
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I r.o.,"Tt

BP Minerals Barneys Canyon Project
tr'Iaste Dumos LOO Ot rtST tottNO NO. wB 3

p16 lypg CME-55
BoRING TypE 6L" Hollow Stem Auger
5URFACE st-gy. 6144.3
911gy Mine

A-7
SERGENT, HAUSKINS & BECKWITH

I
I
I
I
I
I
I
I

1gg xg. 887-2038 B DATE L2-28-87

GROUND WATER
OE PTH HOUR OATE

none

sAIPLE TYPE
A - Augcr cutiing:. B - Block romplc
S - 2" O.D.1.38" l.D. tubc somplo.
U - 3" O.D. 2.12" l.O. fubc romplc.
T - 3" O.D. rhin-rollcd Shclby tubc.

7'glJ con'rrroo€orE'irc^.'BrcEn3
- t - FGu. n Cg{' {tLgEmE' st^ FE' SllT txE qw' EL PrOI

-i!ts E-iq;
i3i
f3r

moist -to
very moist
firn

CLAY, small amount of gravel,
medium plasticity to high
plasticity, orange

%

noist
firn to hard

CLAY with some sand and trace
of gravel, medium plasticity'
orange and brown to llght
brown

moist
very firn
to hard

GRAVELLY CLAY, mj-nor amounts
of sand, mediun plasticity'
orange, light brown

note: lncreasing gravel and
sand with depth to 21.51

Stopped
Stopped

auger at 20.01
sampler at 2L.51



I
I
I
I
I
I
I
I
I
I
t
I
t
I
I
I

SAITPLE TYPE
A - Augcr cutling3. B - Block romplr
S - 2" O.D. 1.38" l.D. tubc romplr.
U - 3" O.D. 2.12" l.O. tubc romplc.
T - 3" O.D. thin-rollod Shrlby tubo.

too ot tl3t lottNo No. wB-4

RIG TYPE cME-55

BoRING TYPE 6ltrr Hollolt Stem Auger
SURFACE etev. Approximatelv 6350 ! I0
DATUM MiNE

A-B
SERGENT, HAUSKINS & BECKWITH

I
GROUND WATER

DEPTH HOUR OATE

none

vrSuAL cLASSlFtCATtOX

slightly moj.st
to moist
very firm
to hard

CLAY with some to trace of
sand, medium plasticity' tan
andlight grayish brown

note: high augering resis-
tance in hard clay from 12 I

to 14 t .and color change to
brown, moderate to high re-
sistance to 2Ol

Stopped
Stopped

auger at 20.0r
sampler at 2L.51

COA'ffC€OEM EIBECF
Pr€au. n c30a. ag.gfmE.l'Aila E.llaT uE on. cL Prs



liff.,-r*
BP Minerals Barneys Canyon project
Waste Purnps

.169 9,,16. E87-20388 DATE L2-22-87
tOO O, f lgT fOltNO NO. rrB_s

RIG TYPE cME-55

BORING TYPE 6k" Hollow SEem Auger
SURFACE ELEV. Approximarelv 6280 t 10t

I
I
I
t
I

palgM Mine

vtsuAL CLASStFtcATtoN

slightly rnoist
nedium dense

SANDY SILTY GRAVEL, well-
graded, nonplastie, dark
brown

SANDY GRAVEL with silt, well
graded, nonplastic, brornm,
gray and orange

slightly moist
mediun dense
to dense

GRAVEL with some sand, suban
gular, brown

moist
dense

CLAYEY SAND with some fine
gravel, l-ight' yellowish gray

Stopped
St.opped

auger at 20.01
sampler at 21.0'

I
GROUND WATER

OEPTH HOUR OATE

none

SAilPLE TYPE
A - Augar cutting3. B - Block :omplr
S - 2" O.D. 1.38" l.D. rubc :omplr.
U - 3" O.D. 2,12" l.O. tubc ronplc.
T - 3" O.D. rhin.sollcd Shclby tubc.

A-9
SERGENT, HAUSKINS & BECKWITH

cotr.:rno oEor:cnErt E|Br-83
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fr*orr.,
BP Minerals Barneys Canyon Project
Wast Dumps tOO O' TEST !ORING Ng. WB-6

RIG TYPE CME-55

BORING TYPE 6li" Hollow Stem Auger
SURFACE ELEV. 6546.0

I
t

E87-20388 DATE 12-22-87JOB NO. .f,o/-zuro5

GROUND WATER
OE PTH HOU R DATE

none

DATUM MiNE

A_IO
SERGENT, HAUSKINS & BECKWITH

I
I
I

h
I

SAMPLE TYPE
- Augcr cutlings. I - Block somplc

- 2" O.D. 1.38" l.O. tubc somplc.

- 3" O.D.2.42" l.D. tubc somplc.

- 3" O.D. rhin-wollsd Shclby tubc.

A

U

T

_!!tc E.: 9
I3 r-

;=+oo=
=! 

o VISUAL CLASSIFICATION

moist
very firm
to hard

CLAYEY SANDY GRAVEL, sub-
rounded gravel, low Plastic-
ity to medium plasticitY,
brown to yellowish-brownL*32--i----=*.q

-.c- - ee r r + -s!r-.119-lrY vvl LL'.' 
; i

SANDY GRAVEL with some silt'
nonplastic, light brovm and
vellowish brown

slightly moist
dense t.o
very dense

CLAYEY SANDY GRAVEL'- low
plasticity, subrounded grave
brown

moist
very firm
to hard

Stopped auger at 20.0f
Stopped sa4plei at 21.0|

note: 12 inches of material
above boring surface was
removed by dozer; material
consi-sted of gravelly sandy
clay similar to materihl
below boring surface

NffiGEOECRBESME'B
ffix.rrcs.ltmEff ' wA FE 'ST WE dW'4 PS
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LABORATORY TESTING PROCEDURES

consolidation Tests soiltest or clockhouse appara.tus of the

ffi" 
-;;;--;*t"{"q, 

_r_11 the bne-dinensional
consolidation tests. They aie designeq to receive 9ne inch
hi;[- Z-.a- it Ctt O:n:- br"ss '1iner ringi- with soil specinens as

secured in the field. P;;;"a"iii" eor the testi generaLly
are those outlined in ASTM bZ+SS. Loads -are- applied in sev-'
eral increments to the 

"pput 
-iu.face of the - test specimen

and the resut'iing- a"eoitatfons are recorded at selected tine
intervals for--eich increment. For soils which are essen-
tially saturated, each inciun"nt of Load is maintained until
the def orrnation versus rog- or time_ curve indicates conple--

tion of priraiy consoliSation. For partially - saturated
Joirr,- ."itr -iti.i"*.-"i--;F- roaa is nai-nta-ined u1rlil .the rate
of defornati;;--it 

- 
"q""1 

-or less than t/t0,090 inch p9r
hour. Applied foads are tu.t that each new increnent is
il;;i d;'1h; ioiar previousry applied loading. Porous

srones are placed in .o"ttii -tuittt the top and botton of the
specinens to pernit free-"aaition or .expulsigl-jj water'
;"";-;;;ii"iiy';fir"tea-loirs,-. tJle tests are norna,llv per-
forned at in situ rnoisture .o"iitions untiL consolidation is
conplete under stresses apfio*i*ately.equal to those which
will be imposed by the ;6i"ti;;a- ov6rbuiden and foundation
loads. The t"irprJi "iii 

ttJii-toUt"igud to show the gff ect of
noisture increaie and the iesiJ .ottiinued under higher Load-

inss. Generally, the tests-aie .o"tinued to about-twice the
;;?i.ipli"i^ -.,rf u'u due tt- ou"tburden and structural loads
with a rebound curve then- ueing established by releasing
1 oads .

Expansion Tests The same tyTe of. consoLidorneter aDDaratus
ffi is used in expansio" 

-tuiii"g- 
- undi-sturbed

samptes "orrtiinua- 
in Ur"ii f i;;;--iittgt . "tu:-91_i._:d 

in the
consolidoneters' subjected to a.ppro.priate suicharg3--1:?1:
and submergui.-' Tht ioads are main-tained until the expanslon
versus 1og of tine .uru" 

- indi""t"J- tn" completion of
ttprimary swelltt.

Direct Shear Tests Direct shear tests are run using a

ffi;r -si-ltest- ;;;;tJitt "5 the strain-control 0f
approximately 0.-05 inchei -per. minute. The machine is de-

signed to ieceive one of' the one inch high z-42 inch
diameter rp"-irE"s oUtainea by tubg -sam-pling. . Generally,
each sanpl" it rfr"ared u"I"i J'nornal load equ-i'valent to the
effective overburden p""tiittu-"i thu point of- sanplilg: In
some instances, sanples "te stt""r"a ai several noinal loacls

to obtain the cohesion "11i-"ttgf" 
of internal friction' When

necess tty, samples are t"iui"1"d 
-and/or consolidated bef ore

shearing in order- -to "ppto-ii-t"t. 
the anticipated controlling

field loading conditions-

I.W
I

SERGENT, HAUSKINS & BECKWITH

CONSULTING GEOTECHNICAL ENGIN;ENS N, - 1
PiIOENIX. ALBUOUENOU€ ' SANIA FE'SALT TAKE CIW U



I IIIIII IIIITI
TABULATION OF TEST RESULTS

I I I I I I

Dale

Clienl:

Job No. EB7-20388

BP Minerals Barneys Canyon ProjectBP Minerals Amerlca
1515 Mineral Square
Salt Lake CitY, Utah 84LL2

Proiecl

Waste Rock DumPs

Malerial

Source

HOI.E
NO.

LO CAT I ON DEPIH
UN IF I EO

ctAss. LL PI
SIEVE ANALYSIS _ ACCUM. % PASSING IAB.

NO.
200 r00 ,lO t6 l0 I w Vo Vt I lth 2

^lB-L
* 2.5-4.0 CH 66 47 55 60 64 69 74 87 95 97 100 7-r

^IB-1
* l-5.0-16.: SC 26 32 38 55 49 63 71 B2 91 100 7-4

^IB-2
* l_0.0-11-. sc 35 23 31 40 48 55 62 76 86 88 97 10c 7-8

^IB-3
* 5.0-6. 5 CH 53 37 8i 93 97 9B 99 100 7-L2

{B-3 * 10.0-11.5 CH 52 40 74 79 81 B3 B4 87 92 94 95 10c 7-L4

dR-4 * 20.0-2L. CH 50 31 93 9B 99 99 99 100 7-2L

^IB-5
* 2.5-4.0 GM l9 28 33 3B 42 53 69 77 83 10c 7-22

^1B-5
* 10.0-11.5 GM 1t 25 31 38 44 59 7 80 86 10c 7-24

^IR- 
6 * ? ^\-4 -O GC 4S 54 57 60 63 7L B( 100 7-27

^IB-6
* 20.o-2L ( GC 3 37 39 4L 44 51 6( 63 73 8: 91 10 7-3L

p i orrre -m SERGENT. }IAUSKINS & EECXWITH



-.SLOPE STABILITY AIIALYSIS--

SITIPLIFIED JAI{BU ITETH{ID OT SLICES

IRREEULAR FAILURE SURFACES

I ** DATE : ol/20/ BB TIIIE : t6:08: t6

PROELEII DESCRIPTIOI{ I{ASTE ROCK STABILITY A}IALYSIS - SECTIO}I tIO' T

BOUI,|DARY COORI}II{ATES

7 TOP BOUIIDARIES

2I TOTAL B(IUIIDARIES

I BoutrDARY I-LEFT Y.LEFT

(FT} (FT)

.00 44.00

30.00 47.00

100.00 50.00

170.00 57.00

577.00 364.00

t5?5.00 364.00

1680.00 384.00

t70.00 57.00

210.00 63.00

262.00 82.00

435.00 122.00

595.00 l{3.00
7{0.00 163.00

860.00 t8{.00
975.00 204.00

1075.00 224.00

1150.00 244.00

1240.00 26{.00

1300.00 284.00

1415.00 32{.00

1500.00 344.00

T.RI6HT
(FT)

30.00

100.00

170.00

577.00

1575.00

1690.00

1860.00

210.00

262.00
{35.00
595.00

7{0.00
960.00

975.00

1075.00

I 1s0.00

t2{0.00
1300.00

1415.00

1500.00

1575.00

Y-RIGHT
(FT)

47.00

50.00

57.00

364.00

364.00

38{.00
38{.00

63.00

82.00
t22.00
t{3.00
163.00

t8{.00
20{.00
22{.00
2{{.00
26{.00
294.00

324.00

3{4.00
36{.00

SOIL TYPE

BEL0ll 8ll0

2

2

2

I
I
2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

I
I
I
I

I
2

3

{
5

6

7

I
I

t0
tl
t2
13

l{
15

t6
L7

l8
19

20

2l

I



IS{ITR(IPIC SOIL PARA}IETERS

2 TYPE(S} OF SOIL

StlIL TI|TAL SATURATED

TYPE UIIIT IIT. UIIIT IIT.
iltl. (PcF) (PCF)

COHESIOTI FRTCTIOII

II{TERCEPT AI{6LE
(PSF) (DEE)

P(IRE PRESSURE PIETOIIETRIC

PRESSURE COI{STAIIT SURFACE

PARA}IETER (PSF} IIO.

I 130.0

2 125.0

130.0 .0 37.0 .00

125.0 1500.0 29.0 .00

.0

.0



80r
ilo.

I
?

3

I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I

A CRITICAL FAILURE SURFACE SEARCHIIIG llETH0I}' USIllE A RAll[olt

TECHilI0UE FoR 8EilERATIllE SLIDIIIB BL0CK SURFACES' HAS EEEll

SPECITIED.

50 TRIAL SURFACES HAVE BEEI{ 6II{ERATED.

3 B{IIES SPECIFIED FOR GEI{ERATIOII OF CEITTRAL BLOCK BASE

LE}|0TH0FLII{E586|lEt{TsroRAcTIvEAt|0PAsslvEP0RTIot|s0F
SLIIINE BLoCI( IS 15.0

T-LEFT Y.LEFT I-RI6HT Y-RI6HT IIIDTH

(FT) (FT) (FT) (FT) (FT)

170.00 57.00 170.00 57.00 .00

210.00 63.00 262.00 82.00 {.00

350.00 102.00 {35.00 122.00 5.00



I
I

FOLLOIIIIIG ARE DISPLAYED THE TE}I }I{IST CRITICAL OF THE TRIAL

FATLURE SURFACES ETAIIIIIED. THEY ARE OR|)EREI} . IIOST CRITICAL

FIRST.

r T SAFETY FACT{IRS ARE CALCULATEO BY THE IIODIFIED JAIIBU ilITHOD T I

FAILURE SURFACE SPECIFIED 8V 25 COORDIIIATE POII{TS

POIIIT

iltl.

I
t
t
I

I-SURF Y.SURF

(FT) (rTl

t70.00 v.00
25t.21 79.t3
391.91 1t2.73
{02.38 1n,47
{09.72 136.56

419.60 l{7.84
429,72 t5S.91
439.43 170.34

{{9.98 181.01

459.70 t92.{3
469,23 20{.02
479.70 2l{.76
490.31 225.36

{99.95 236.86

504.92 251.04

5l{.71 262.32

525.24 273.00
535.79 283.66

5{6.00 294.6s
553.69 307.53
564.21 318.23
573.95 3?9.64
582,57 3{1.91
588.s2 trt5.68
591.10 35{.00

l.194 rrr

T-SURF Y-SURF

(FT) (FT)

170.00 57.00

220.51 65.15

4t9.76 1t7.38
429.35 128.91

439.S5 t39.62
450.36 150.33

{60.97 160.93

{71. l8 t7t.92
{81.{7 182.8{

489.7{ 195.35

496.{2 208.78
s03.96 n1.75
514.52 232,40

519.35 2{6.60

I

I
2

3

4

5

6

7

I
9

t0
tl
t2
t3
t{
15

t6
l7
l8
t9
20

2L

22

23

24

25

ttt

t
2

3

{
5

6

7

I
I

l0
lt
L2

l3
l{

I
I
I
I
t
I

FAILURE SURFACE SPECIFIED BY 23 COIIRI}T}IATE PIII}IIS

POIilT

il(l.

I
I



sio.sg z7z.3s

539.2{ 284.8{
5{6,10 298.18

552.25 311.86

557.{0 325.9s

567.6t 336.9{
570.75 351.51

577.85 36{.00

[.232 rrr



I
I
I
I
I
I
I
I
I
t
I
I
I
I

FAILURE SURFACE SPECIFIE|} BY 2{ CO{]RDIIIATE P(III{TS

POIIIT

ll0.

I
2

3

{
5

6

7

I
9

l0
ll
t2
t3
l{
t5
l6
t7
t8
19

20

2l
22

23

24

I
2

3

4

5

6

7

I
9

t0
tt
t2
l3
l{
t5
l5
L7

T.SURF Y.SURF

(FT) (FT)

170.00
239.3{
{23. gl

{30.76
439.9{

{50.53

{60.66
{71. 18

476.58

484.77

{94.98
{99.99
504.36

5l{.96
524.79

53{.48
54{. l0
553.6s

563.75

s7t.33
58t.82
592.05

596.28

599.82

1.237 rrr

57.00
71.95

u9.99
133.27

l{5. 13

155.7s

166.82

tn.32
191,51

20{.08

215.06

229.20

243.55

25{. l7
265. {9

276.95

288. {5
300,02

3ll.u
32{.06
33{.77
3{5.7{
360. tf
36{.00

FAILURE SURFACE SPECIFIEO 8Y 25 COORDIIIATE POII{TS

P{lIIIT

lr0.

X.SURF Y-SURF

(FT) (FT)

170.00 57.00
234.93 72.34

387.56 t09.55
39s. t4 t20. tg
{08.07 131.{2

{1{.40 t{5.02
424.83 155.80

{34.25 t67,47
4{4.8{ t78. l0
{55.{{ t88.70
{s6.22 203.68

{66.60 2t4.51
{73.54 227.75

{83,92 238.68

{92.61 250.90

502.90 261.82

508.33 27s.s0

5t9.9{ 286.{l
s28.29 29B.l{
538.53 309.10

548.98 319.86

559.36 330.69
I

t8
t9
20

2l
22



I ii lllil lli:il

I 
llr 1.2{0 rll

I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I



P(lII{T

t{0.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I t'r

FAILURE SURFACE SPECIFIED 8Y 22 CO|IR!}II{ATE POI}ITS

P{lII{T

1{0.

I-SURF Y-SURF

(FT) (FT)

170.00 57.00
2{1.00 75.07
393. t6 t10.07
403.0{ 121.36
{09. t8 135.0{
{19.78 145.66

425.69 t59.4{
{32.99 172.55

{{3.52 t83.23
{5t.30 196.06

458.47 209.23

{69.51 220.38
{74.57 234. t0
478.72 2{8.51
{86.41 261.39
{97.01 272.01
507.29 282.93
51s.26 295.63

525.02 307.03

531.{3 3?0.59

540.77 332.33

5{6.57 3{1.05

1.258 fir

X-SURF Y-SURF

(FT} (FT)

170.00 57.00

235.35 7{.20
382.{3 t07.58
390.03 120.51

399.36 132.26

409.97 142.87

{18.77 155.02

427.59 157.15
{34.32 t80.55
444,02 192.00

45{.6t 202.62
457.{3 217.35

463.72 229.85

{76.30 2{0.{9
{83.29 253.76
490.60 266.86
495.98 280.86
{97.00 295.82

{97.90 30{,33

1.267 rrr

I
2
3

4

5

5

7

I
9

t0
il
t2
t3
t{
t5
t6
t7
18

t9
20

2L

n

FAILURE SURFACE SPECIFIEI! BY 19 COORI}II{ATE PIIINTS

t
2

3

4

5

6

I
g

9

l0
u
12

l3
l{
l5
t6
t7
t8
l9



POIIIT

l{0.

I
I

FAILURE SURFACE SPECIFIED BY I8 CO{IRDII{ATE POIIITS

I
I
I
I
I
I
t
I
I
I
I
I
I

FAILURE SURFACE SPECIFIEO 8Y 23 COIIRDII{ATE POIIITS

I
2

3

{
5

6

7

I
I

t0
t1

t2
l3
l4
t5
t6
t7
l8

P{lII{T

lr0.

t
2
I

+

5

6

7

8

9

l0
ll
t2
t3
l4
l5
t6
t7
t8
19

20

2L

22

23

trt

T.SURF Y.SURF

(FT) (FT)

170.00 57.00
250.20 79.5{
355.25 t04.85
365.60 lt5.7t
370.23 129.97

379.89 l{t.{5
386.35 t5{.99
394.70 167.{5
{05.27 t78. t0
{14.{9 t89.92
{2{.0t 20t.51
432,42 2t3.9{
{39.64 227.09
{50.2{ 231,70
456.72 251.22
{59.i{ 265.09
{69.24 276.80
470.06 283.33

1.268 *r

T.SURF Y-SURF
(FT) (FT)

170.00 57.00

250.51 78,71

{28.79 119.33

{38.75 130.55

{43.69 t4{.71
4s{.29 155.33

{64.86 165,97

{75. t6 176.88

{79.95 l9l. 13

188.65 2A3.27

{98.83 2t{.29
508.76 225.53
516.89 238. l{
sr9.03 252.98

327,37 265.{5
537.25 276.73

542,24 290.88

552.6{ 301.69
559.48 315.0{
550. t0 330.03

570.29 3{t.0{
57t.?7 3s6.00
377.70 36{.00

1.271 ur

I
I
I
I



Y-SURF

(FT}

POIIIT

l{0.

I
2

3

{
5

6

7

I
9

t0

2l
22

I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I

FAILURE SURFACE SPECIFIEI BY 19 CO{IRDIIIATE POII{TS

T-SURF Y-SURF

(FT) (FT}

il
t2
l3
1{
t5
16

t7
t8
t9

t70.00
2t2,80
380. I I
390.38

396.50

404.28

{ 12.30

4n.73
427.78

{36.80
{45.70
{52.61
{61.57
{67. t9
476.88

486.00

{9{.6{
50{.97
506. I I

1.278 rr*

57.00
63.91

I 10.89

121.8t

135.51

t48.33
t5r.0t
t7t.77
185.90

197.89

209.96

n3.27
235.30

249.21

260. €6

?72.57

28{. g{

295.7r

310.53

FAILURE SURFACE SPECIFIEO 8Y 22 C(I(]RDIIIATE POIIITS

P(lIilT

t{0.

I
2

3

4

5

6

7

I
9

l0
u
12

l3
t{
15

l6
L7

l8
19

20

r-5ugF
(FT)

170.00 57.00
237.00 73.01
426.53 120.61

429.72 135.29

{37.68 l{8.00
444.8t 161.20

{55.26 171.97

{65.74 182.69

476.35 193.90

{86.85 20{.01
{9{.97 216.62
505.56 227,25

510.82 24t.29
521.21 252. lr
529.{3 26{.66
538.57 276.55
5{7.{6 298.6{
sss.72 30t. t6
558.71 3t5.96
560.25 330.78
562.98 3{5.53
564.31 35{.{3

1.283 *r



I
I
I
I

.00 232.50 {65.00 697.50 930.00 1t62.50

I .00 +-t-------+---------+---------+---------+---------+
-t

-l
-t
-I

232.50 + t
- .t

A 465.00 +

I 697.50 +

-t

-t

I 930.00 +

:'

-t

S 1162.50 + t

t

T

r3es.oo i
I

F 16?7.50 i 

"
T 1860.00 ; ,

I
I
I
I
I
I
I
I
I

1

t677
rll477.
2211457.

221 l{5.
3112s

r 3ltr

I
I
I
t
I
I



-.gL(lPE STABILITY AIIALYSIS..

SIIIPLIFIED JAIIEU IIETHOD tlF SLTCES

IRRE6ULAR FAILURE SURFACES

l** 
o*, : ol/20/ BB TIttE : t6:to: t3

I
I
I
I
I
I
I
I
I
I
I
I
I
I

PROBLETI DESCRIPTI{I}I TASTE RtlCK STABILITY AI{ALYSIS ' SECTItI}I iltl' I

EIIUIIDARY C{]ORDI}IAIES

7 T(lP BOIjIIDARIES

2T TOTAL BOUIIDARIES

80uill}ARY

illl.

I
2

3

{
5

6

7

I
9

l0
11

l2
13

t4
t5
t6
L7

tg
l9
20

2L

X-RI6HT
(FT)

30.00

100.00

170.00

577.00

1575.00

1680.00

t860.00
210.00

262.00
435.00

595.00

7{0.00
860.00

975.00

1075.00

I t:0. 00

1240.00

1300.00

l{15.00
1500.00

1575.00

Y.RI6HT
(FT)

47.00

50.00

57.00

36{.00
36{.00
384.00

38{.00
63.00

82.00
122.00

l{3.00
163.00

194.00

20{.00
22{.00
24{.00
26{.00
28{.00
32{.00
344.00

36{.00

T-LEFT Y-LEFT

(FT) (FT)

.00 {4.00
30.00 47.00

t00.00 50.00

t70.00 i7.00
5?7.00 36{.00

1575.00 36{.00

1680.00 38{.00

170.00 57.00

210.00 63.00

262.00 82.00

435.00 122.00

595.00 t{3.00
740.00 163.00

860.00 t84.00

975.00 20{.00

1075.00 22{.00

1150.00 2{{.00
t2{0.00 264.00

1300.00 294.00

t415.00 324.00

1500.00 3{{.00

SOIL TYPE

BELOII EIID

2

2

2

I
I
2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

I
I
I



I 
IsttTRltPlc sttlL PARAIIETERS

I 
2 TYPE(S) 0F soIL

SOIL TOTAL SATURATED COHESIOTI FRICTIOT{ PORE PRESSURE PIEZOIIETRIC

I iil: ullli'' 'l;Li'' '*lF[ff" tffihi 
'lffiillll 

.tFlii' **ff:'

I I llll ll3:i ,*o.l ll.3 :i3 :3 I

I
I
I
I
t
I
I
I
I
I
I
T

I
I
I



I A CRITICAL FAILURE SURFACE SEARCHII|E ltETHol}, uSrilE A RAll00ll

I TEcHttIgUE FgR EEt{ERATtl{6 CIRCULAR SURFACES' HAS EEEtt SPECIFIED'

t 100 TRTAL suRFAcEs llAtlE lEEil cEIIERATED'

I IO SURFACES IIIITIATE FROIT EACH OF TO P(IIIITS EEUALLY SPACED

t ALoI{E THE GRoullo suRFAcE BtTllEEtl I = t65'00 FT'

All[ I=300.00FT'

I
EACH SURFACE TERlltt{AIES BETllEEll I = 550'00 FT'

AilD I=800'00FT'

I

I ll.iil,ill'llLili'lillill lE*','i'lilh 
THE'I*t'un ELE'ATI'T'

I 
10.00 FT. LIIIE sEGttEilTs DEFINE EAcH TRIAL FAILURE suRFAcE'

I lil'lfill'xl,*ll:*'ffi,il1?:i"llli#il'l-li:|.lill'lllll'l-' 5.0086.

I
I
I
T

t
I
I
I
I
I
I



I

IsLLli&ro n^c ur,:r|.ntE'l, Inr, lHt llull LtuIluAL uF IHE IRIAL
FAILURE SURFACES EITIIIIIEO. THEY ARE ORDEREI} . IIOST CRITICAL
FIRST.

r I SAFETY FACTIIRS ARE CALCULATEII BY THE IIODIFIED JAI{BU }IETH(III T T

FAILURE SURFACE SPECIFIEO BY 37 C{IORDIIIATE PI]IIITS

P{lIilT

il{l.
I-sURF Y-SURF(FT) (FT}

285.00 143.7{
294.98 l{4.{3
304.92 t{5.{5
3t4.83 t46.80
32{.69 t{8..t9
33{.{8 t50.51
34{.20 152.86

353.84 t55.53
363.38 t58.52
372.82 t6t.g4
382. t3 t65.{7
39r.3? 169.{l
{00.37 173.66

409.28 t78,22
418.02 183.07

426.60 t88.2t
435.00 193.63

443.2t 199.34

451.23 205,32
459.04 2n.57
{66.63 219.07
47{.00 22{.83
{81.14 231.8{
{88.0{ 239.07
{9{.69 246.54

50r.09 254.23

307.22 262.13

513.08 270,23

5rB.t7 278.52
523.?8 2s6.99
529.00 295.64
533.72 30{.{6
538. t{ 313.43

5{2.26 322.5{
545.07 331.78

549.57 3{1. t5
550.5{ 3{4.04

t.ll8 rrr

t
I
t
T

I
I
I
I
I
I
I
I
I
I
I

I
2
?

4
q

6

7

I
9

l0
lt
t2
t3
t{
t5
l5
17

t8
l9
20

2t
22

23

24

25

26

27

?8

29

30

31

32

33

34

35

36

37

Itr

FAILURE SURFACE SPECIFIED BY 53 COORDII{ATE POIIITS

T-SURF

(FT)

75.96

74.07

Y-SURF

(FT}

195.00

20{,9{

POIilT

ilo.

I
2



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

4

5

6

7

I
9

t0
u
L2

t3
t{
l5
16

17

t8
l9
20

2L

22

23

24

25

26

27

28

29

30

3t
3?

33

34

35

36

37

38
?q

{0
{l
42

{3
44

45

46

47

48

{9
50

5t
qt

33

TII

224.66 71,.{5

234.53 70.63

244,62 70.13

25{.62 69.96

264.62 70,12

27{.60 70.59

284-57 7t.{0
29{.5t 72.53

304,{0 73.98

3t4.2{ 7s.75

32{.02 77.84

333.73 80.25

3{3.35 U.97
352.88 06.00

362.30 89.35

37t.62 92.99

380.80 96.9{
389.86 l0t.t9
399.77 105.73

{07.53 110.55

{16.12 115.65

{24.55 121.05

432.80 126.70

{{0.85 1n.62
{48.71 138.81

456.37 t{5.2{
463.81 151.92

{71.03 158.8{

478.02 165.99

494.78 173.36

491.29 180.95

497.55 188.7{

503.56 196.74

509.30 204.93
51{.77 213.30

5t9.97 221.84

524.88 230.55

5?9.51 239,42

533.85 248.{2
537.89 257.37

5{1.64 266.8{

545.08 276.23

548,21 285.73

55r.03 295.32

553.5{ 305.00

555.73 3t{.i6
557.60 324.58

5s9. t6 334.{6
s60.39 344.39

561.08 351.99

1.209 ilr



POII{T

t{0.

I
2

3

{
5

6

7

I
9

l0
11

t2
t3
l{
15

l6
fl
t8
19

2A

2L

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

{1
42

{3
4{
{5
46

47

48

{9
50

51

52
qt

54

I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I

FAILURE SURFACE SPECIFIED 8Y 5{ COORDII{ATE POIIITS

I
I

I-SURF

(FT}
Y-SURF

IFT)

210.00 87.t7
219.8{ 85.38
229.73 83.90

239.66 82.73

249.62 81.88

259.61 8r.34
269.61 81. 12

279,61 8t.22
289.60 81.63

299.s7 tr2.36

309.52 83.{0
319.42 94.76

329.28 86.43

339.08 08.{2
348.82 90.71

358.47 93.31

368.0{ 96.21

377.52 99.4?

386.88 102.92

396. 13 t06,72
405.26 1t0.80
41{.25 1t5.18
{23.r0 ltg.g{
{31.80 t24.77
{40.33 t29.98
{{8.70 135.{6
456.89 t41.20
{5{.90 t47. 19

472.7t 153.43

480.32 159.92

487.72 166.65

{94.90 173.6t

501.86 t80.79
508.59 t88. 19

515.08 r95.79

52t.32 203.60

527.A7. 211.60

533.06 219.79

538.54 228. 16

5{3.75 236.69

548.69 2{5.39
553.35 254,24

557.73 263.23

561.82 272,35

565.62 291.60

569. t2 290.97

572.33 300.{4
575.2{ 310.0r
577.8{ 319.66

580.13 329.{0
582.12 339.20

583.79 349.06

585. t5 358.96

595.69 36{.00

1.216 rrr



I
I
I
I
T

I
I
t
I
I
I
I
I
I
t

FAILURE SURFACE SPECIFIED 8Y {8 COIIROIIIATE POIIITS

POINT

l{0.

t
2

3

4

5

6

7

I
I

t0
ll
t2
t3
l{
15

l6
L7

l8
l9
20

2l
22

23

24

?s

26

27

28

29

30

3l
32

33

3{
35

36

37

38

39

40

4l
42

43

44

121.12

t20.01
1r9.22

tl8.76
u8.62
l t8.8 l
1t9.32
120. l5
121.31

t22.78
t2{.58
126.69

129.12

t3t.86
13{.91

138.27

l{1.93
t{5.88
150. t4
t5{.68
159.52
t6{.63
170.02

175.67

181.60

t87.78
t9{.21
200.88

207.79

214.9{
?l'2.30

?29.88

237,67
2{5.66
253.8{
262.20

270.73
279,43

288.28

297.28

306. {r
315.67

325.05

33{.54
3{4. t2
353.79

363.5{
36{.00

I-SURF Y-SURF

(FT) (FT)

rii
{g

I
Itt

I

255.00

26{.9{
27{.91
284.90

294.90

30{.89
3t{.88
32{.95
33{.79
3{4.67
35{.51
36{.28
373.98

383.60

393. t2
{02.5{
{t t. g5

{21.03
{30.08
438.99

447,74

{56.34
{6{.76
473.01
{81.07
489.93
495.59

504.03

51 1.26

5r8.26
525.02

531.5{
537.82
5{3.83
5{9.59
555.08

s60.29

565.23
559.88

57{.2{
579.3t
582.08

585.55

588.7r
591.57
59{. u
596.3{
595. {3

1.223 rrr

I



I
I

FAILURE SURFACE SPECIFIEO 8Y 59 C{IORDII{ATE POIIITS

POI}IT I-SURF Y-SURF

ilo. (FT) (FT)

I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
I

t 195.00
2 204.93
3 2r{.89
4 224.87
5 234.86
6 2{4.86
7 254.86
I 26{.85
9 27{.84
l0 284.80

il 294.74

t2 30{.66
13 31{.53
t{ 32{.37
l5 33{. t5
16 3{3.89
t7 353.55
t8 363. t7
19 372.70

20 382. t5
2t 391.53
z2 {00.8t
23 410.00
24 {t9.09
25 428.06
26 {36.93
27 445.58
28 45{.30
29 {62.80
30 471. t6
31 479.3S

32 487.{6
33 495.39
3{ 503. t7
35 510.79

36 519.24
37 525.53

39 532.6{
39 539.s8
40 546.33
41 552.90
42 5s9.28
43 565.{7
4{ 571.45
{5 377,24
{6 582.82

47 s89.20

{8 593.36
49 598.31
50 603.04

51 607.55
s2 611.83
53 615.89

54 8t9,72
55 623.32
56 626.69
57 629.92

58 532.71

75.86
74.69
73.78
73. u
72,69

72.52

72.60

72.93

73.50

74.33

75.{0

76,72

78.28

80.09

82. t5
8{. {5
86.99

89.76

n.78
9fr.0{
99.52

103.2{

107. 19

ut.37
r15.77

t20. {0
125.24

t30.30
1s.57
t{t.06
l{6.75
t52.64
t58.73

165.02

t7r.50
t7[. 16

185.01

t92.04

199.2{

206.62

2t{. l6
22t.86

a\72
n7,73
2{5.89

25f, t8
262.51

27t. t8
27!t.87

288.68

297.60

306.6{

3t5.78
325.01

33{.3{
3{3.76
353.26

36?.93



I*r
I

1,221 rr|

FAILURE SURFACE SPECIFIED BY {7 COORDII{ATE POIIITS

I-SURF Y-SURF

(FT) (FT}

270.00 132.{3
280.00 r32.70
289.98 133.22

299.95 133.97
309.9t t34.96
319.83 136. 19

329,7? 137.66

339.57 r39.37
349.39 141.31

359.14 l{3.48
369.85 145.89

378.49 148.5{
398.07 151.41

397.58 154.51

{07.01 157.84

416.36 161.39

42S.62 165.17

43{.79 169. 17

443.85 173.38

{52.91 t77.82
{61.67 r82.46
470.{1 187.32
{79.03 t92.39
{87.53 197.66

{95.90 203. t{
50{.13 208.81

512.23 21{.68
520.18 224.74
527.99 226.99

535.64 233.43

543.13 2{0.05
550.{7 2{6.84
557.64 253.81

564.64 260.95
571.47 268.26
578. 12 273.73

584.59 283.35
590.87 291.13

596.97 299.06
602.87 307. t3
608.58 315.3{
5l{.09 323.59

519.{0 332. 16

62{.50 340.76

629.40 349.48
63{.08 358.32
636.93 36{.00

1.237 rrr

POIIII
l{0.

I
2

3

{
€

6

7

I
9

t0
ll
t2
|',t!

1{

l5
l6
L7

l8
t9
20

2l
22

23

24

25

26

27

28

29

30

3l
32

33

34

35

36

37

38

39

40

{l
42

{3
{4
45

46

47

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

tll



Y.SURF

(FT)

I
I
I
I

FAILURE SURFACE SPECIFIED 8Y {7 CO{IRDII{ATE POII{TS

POIIIT I.sURF

lt0. (FT)

I
I
I
I
I
I
I
I
I

I
2

3

{
5

6

7

I
9

t0
t1
t?
13

t4
t5
l6
t7
t8
19

20

2L

z?

23

24

25

26

27

28

29

30

31

32

33

3{
35

35

37

38

39

40

41

42

{3
{{
{5
46

47

PtlII{T

iltl.

255.00
26{.88
27{.81
284.77

294.76

304.76

3 t{.75
32{.7{
33{.70
3{4.62
35{.49
36,{.29

37{.03
383.67

393.22

402.65

{t 1.96
421. t4
{30. t7
439.05

447.75

{56.28
{64.62
472.76

480.68

488.39

{95.87
503. I I
510. l0
516.8{
523.31

529.5t
535. {3
5{1.05
5{5.39
551. {3
556. 15

560.s6

56{.65
568. {3
571. g7

57{.97
377.74

580. t7
582.2s

583.99

585.11

1.242 fir

r2l. l2
u9.56
118.36

I t7.5 t
l17.0l
l t6.86
117.07

I t7.62
t 19.53

I 19.79

121.40

r23.36

125.66

t28.30

131.28

t3{.60
138.2{

A2,n
t{6.51
t51. t2
t56.04
16t.26

166.78

172.59

178.69

185.06

191.69

t98.59
205.7{
2t3. t3
2?0.75

228.60

236.66
2{{.93
2s3.39

262.03

270.8{
279.91

288.9{
298.20

307.59

317. t0
326.70

336. {0
3{6. 19

356.03

36{.00

I
l
I
I*r
t
t

FAILURE SURFACE SPECIFIEN BY 56 COORDI}IATE P(]IIITS

T-SURF Y-SURF

(FT) (FT)



I
I
I
I
I
I
I
I
I
I
I

I
2

3

4

5

6

7

I
9

t0
ll
L2

l3
l{
t5
l5
t7
t8
l9
20

2l
22

23

24

25

26

27

28

29

30

3t
32

33

3{
35

36

37

3g

39

{0
{t
42

43

4{
45

{6
47

{8
{9
50

5t
52

53

5{
55

56

II,U. UU

220.00

230.00

239.99
249.99

259.97

269.93

219.87

289.79
299.68

309.53

319.33

329.09

338.80

348.46

359.05
367.58
377.0{
386.42

395.72

{0{.94
{14.07
{23. l0
{32.0{
{{0.87
{49.59
{58.21
{66.71
475.08

{s3.34
49r.46
499. {5
507.31
515.02
522.59

530.01

537.29

544.39

5s1.35

558, t4
564.76

37t.22
s77.50

583.6 I
589.54
s95.28

600.84

606.22

6l l. {0
616.39

62t. l8
62s.78
630. 17

634.37

638.35

6{0. t6

1.24{ rrr

87. l7
86.90

86.84

87.0r
87. {l
88.03

88.87

89.9{
9t.23
92.74

9{. {7
96.{2
98.60

100.99

r03.59

106. {2
tm.45
It2.70
l16. l7
Ir9.8{
t23.7t
127.80

132.09

l:[.58
t{t.26
t{6. t5
t51.23

156.50

16t.96
167.61

t73. {{
t79. {5
t85.6{
192.00

t98.s{
205.24

2r2. I I
219.13

226.32

233.66

2fl. l5
248.79

255.57

26{. {9
272,34

280.73

289.0{
297.47

306.02

3t4.69
323. {7
332.35
3{1.33
350.41

359. s8

364.00

I
I
I
I
I
I

ttr

I
I



Y.SURF

(FT)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

FAILURE SURFACE SPECIFIED AY 65 COORIIIIIATE PIIII{TS

POIIIT

iltl.

I
2

3

{
5

6

7

I
9

l0
ll
L2

l3
t{
l5
t6
17

t8
19

20

2l
22

23

24

25

26

27

2g

29

30

31

32

33

34

35

36

J/
3g

39

{0
{1
42

{3
4{
45

{6
47

{8
49

50

5t
52

53

54
5q

56

57

5B

I.SURF
(FT)

165.00 56.50
17{.76 5{.33
l8{.s7 5?.{0
19{.43 50.73

20{,33 {9.3r
2t4.26 f8.14
224,22 17.23

234.20 {6.57
244.t9 t6. 16

25{.19 46.01

26{. t9 {6. 12

27{.18 46.{7
28{. l5 17.09

29{. 13 {7.96
30{.06 {9.09
313.97 50.{5
3?3.84 52.08
333.66 53.96

3{3.43 56.08

353. t{ 58.{6
362.79 6r.08
372,37 53.95

381.89 67.06

391.30 70.{1
400.63 7{.01
{09.87 77.83

4t9.01 81.90
{28.04 85.19
{36.96 90.7r
445.76 95.46

45{.{3 100.{3

{62.98 t05.63
{71.39 u1.03
{79.66 t15.65
{87.79 t22.{0
495.76 128.52

503.58 l3{.75
5u.24 t{1.19
518.73 t{7.81
5?6.0{ t54.63
533. 19 161.63

5*0. r5 158.80

546.92 t76. t6

553.51 183.68

559.90 t9t.37
566.10 199.22

572.09 n7,23
577.88 215.39

583.4s m.69
588.82 An.13
593.96 2{0.i0
598.89 249.{0
603.59 258.23

608.07 257.17

612.31 278.22

616.33 285.38

520.ll 294.64

629.65 303.99



60

61

62

63

6{
65

ttl

PtlII{T

N0.

I
I
I
I
I
I
I
I
I
I
I

630.01 322.95

632.83 332.55

635.40 3{2.?l
637.73 351.94
639.80 361.72

540.23 36{.00

1.249 rrr

FAILURE SURFACE SPECITIEO 8Y {6 C{IORDII{ATE POIIITS

I
I

I
I

2
,'

4

5

6

7

0

9

l0
t1
t2
t3
t4
t5
l6
L7

l8
19

20

2L

22

23

24

25

26

27

28

29

30

31

32

33

34

35

35

37

38

39

40

41

42

{3

I-SURF Y-SURF

(FT} (FT)

240.00 109.90

2{9.79 107.77

259.66 t06.12
269.58 t0{.86
279.5{ 103.98

299.52 103.50

299.52 103.{0

309.5? 103.69

319.50 l0{.37
329.{4 r05.{{
339.33 106.89

3{9. 16 108.73

358.9r [0.95
368.57 113.55

378.12 116.52

3S7.5{ 119.86

396.83 123.57

405.97 127.63

414.9{ 132.05

{23.73 t36.8t
{32.34 l{1.91
4{0.73 l{7.3{
{{8.91 153.10

{56.86 r59.17

464.56 165.5{

472.02 t72.21

{79.20 179. 16

{86. l1 186.39

492.7{ 193.98

{99.06 201.63

50s.08 209.61

510.i9 2t7.92
516.17 n6.25
52r.22 Ut{.88
525.93 2{3.70
530.29 252.70

53{.30 26t.86
537.95 271,t7
541.2{ 280.62

5{4. l5 290. l8
546.69 n9.86
5{8.85 309.62

550.63 319.46

552.03 329.36

553.03 339.31

553.{6 3{6.25

{{
{5
46

I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

.00 232.50 465.00 697.50 930.00 1t62.50

.00 +-r-------+--------+---------+---------+---------+
-t

-l
-t
- 9r3

232.50 + 9230

-.g2l4t
-.923{1.
-.922{ll
-..92?41
-. .99r2{l I

465.00 +...9522411
-....99222111
-.....9532211t1
- ....r..9553333r
- ........955555
- ............8

697.50 + ...........,

930.00 +

116?.50 +

1395.00 +

t6?7.50 +

1860.00 +

1.........



EtlUI{DARY

fltl.

I
t
I
I
I
t
I
I
I
I
I
I
I
t
I
T

--TLUIL IIAIILITY AIIALYSIS-.

SIIIPLIFIED JAIIEU IIETH{IO OF SLICES

IRREGULAR FAILURE SURFACES

RUll DATE ! 0l/20/ 88 TII|E : t6:21: 4{

PROSLEII DESCRIPTIOI{ IIASIE ROCK STAEILITY AIIALYSIS - SECTIOII IIO. I

EOUIIDARY CO{]RDII{ATES

7 TOP BOUIIDARIES

2I T{ITAL BOUI{OARIES

I
I
3

{
5

6

7

I
9

10

l1
12

l3
t{
t5
t6
t7
t8
t9
20

2T

I.LEFT Y-LEFT T-RI6HT(FT) (FT) (FT}

.00 44.00 30.00
30.00 {i.00 100.00

100.00 50.00 170.00
t70.00 57.00 577.00
577.00 364.00 1575.00

1575.00 364.00 t680.00
1680.00 38{.00 t860.00
170.00 57.00 2t0.00
2r0.00 63.00 262.00
262.00 82.00 {35.00
{35.00 122.00 595.00
595.00 l{3.00 7{0.00
7{0.00 163.00 860.00
860.00 t8{.00 975.00
975.00 20{.00 t075.00

1075.00 224.00 1t50.00
u50.00 2+{.00 l2{0.00
t2{0.00 26{.00 1300.00

1300.00 284.00 t{15.00
l{15.00 32{.00 1500.00

1500.00 3{{.00 15i5.00

Y.RI6HT SOIL TYPE(FT} BELOII SIID

{7.00 2

50.00 2

57.00 2

364.00 I
364.00 I
384.00 2

38{.00 ?

63.00 2

82.00 2

122.00 2

1{3.00 2

163.00 2

184.00 2

204.00 2

22{.00 2

2{{.00 2

264.00 2

28{.00 2

32{.00 2

34{.00 2

364.00 2

I
I
I



I IS|ITR(IPIC SOIL PARAIIETERS

r
2 TYPE(S) OF SOIL

I
SOIL TtlTAL SATURATEI} C{IHESIOII FRICTIOII PORE PRESSURE PIEIOITETRIC

I TypE uiltT HT. UI{IT HT. II{TERCEPT AilGLE PRESSURE C0t{STAtlT SURFACE

I ilo. (pcF) (pcF) (PsF) (DEG) PARATIETER (PsF) tlo.

r t 130.0 130.0 .0 37.0 .00 .0 I

I z t2s.o t2s.o lsoo.o 29.0 .oo .o t
I



A Ut{lltuAL IAILURE liuttfAt;E SEARCHINE ftEIH0D, USI}i6 A RAND0lt

I 
TEcnltrouE FoR cEIIERATnG crRcuLAR snRFAcEs, HAs BEEI{ spEcrFIED.

I 100 TRIAL SURFACES HAIJE EEEII GEIIERATED.

r
r t0 suRFAcEs IiltTIATE FR0i EACH 0F t0 p(ltt{Is EguALLy SpAcE!

I AL0N6 THE GRour{D suRFAcE BETHEEil l: roo:33 fl.

I EA'H suRFAcE TER'*ATE' BET*EE'{ r = 700.00 FT.

AN! I=800.00FT.

r uilLEss FURaER LIIiITATI0I{S HERE Ifip0sED, THE HlI{t}tuil ELEVATI0I{

AI I{HICH A SURFACE EXTEIIIS IS I : .00 FT.

I
2O.OO FT. LII{E SEGIIEIITS IEFIIIE EACH TRIAL FAILURE SURFACE.

- REsTRrcTIons HAvE BEEI{ It{pBsED upol THE AI{6LE 0F It{tTIATIotr.
THE AilGLE HAS BEEil RESTRICTEO BETIIEEil THE AI{6LES OF .45.0 AIID 5.0 DE6.

T

I
I
I
t
I
I
I
I
I
I
I



FOLLOIIIIIG ARE DISPLAYEII THE TE}I }IO5T CRITICAL OF THE TRIAL

FAILURE SURFACES EIAIIIilED. THEY ARE {IRDERED - IIOST CRITICAL

FIRST.

r T SAFETY FACT(IRS ARE CALCULATED BY THE IIODIFIED JATIBU TIETH(ID T T

FAILURE SURTACE SPECIFIEO 8Y 38 COORDII{ATE POIIITS

POI}IT I.SURF Y.SURF

t{0. (FT) (FT)

I
I

I
I
I
I
I
I
I

I
I
I
I
I
I

I
2

J

{
q

6

7

I
9

t0
It
t2
13

t{
tq

l6
L7

t8
19

20

2L

22

23

24

25

26

27

2g

29

30

31

JI
33

,lt
35

Jb

37

38

88.89 {9.52
t08.82 47.88
129.80 46.96

t48.79 {6.{8
168.79 46.72

lgg.77 47.60

208.71 {9.10
228.60 51.24

248.{1 5{.00
268.t2 57.38

287.72 61.39
307. t8 66.00

326.{8 71,23

345,61 77.06
36{.55 83.50

383.27 90.s3

{01.76 98.15
{20.01 106.3{
{37.98 115. tl
{55.67 t2{.{4
473.06 134.32

{90. 13 t{{.75
506.86 t55.71
523.23 167. 19

539.24 179.18

55{.86 191.67

570.09 20{.65
584.99 218. l0
599.25 232.01

613. t8 2{6.36
626.6{ 251.15
639.63 276.36
652. t4 291.96
664.15 307.96
675.65 32{.32
686.62 341.0{
697.06 358. t0
700.43 36{.00

1.326 r|r

FAILURE SURFACE SPECIFIED BY 39 COORDII{ATE POIIITS

T-SURF Y-SURF

(FT) (FT)

88.89 49.52

PtlIIIT

ilo.

t



I
I
I
I
I
I
I
I
I
I
I
I*r
I
t
I
I
I
I
I

3

{
5

6

7

I
9

t0
tt
t2
l3
t{
15

t6
17

t8
l9
20

2l
?2
77

24

25

26

27

28

29

30

3l
32

33

3{
35

36

37

38

39

128.,1{ {3.57
t49.34 {t.54
168.31 t0.{0
188.30 9t.86
208.30 {0.03
228,28 {0.89
248.22 f2.45
268.09 {f.7t
287.87 {7.66
307.5{ 5t.30
327.06 55.53
3{6.{2 60.6{
365.60 66.32
38{.56 72.68
{03.30 79.69
421,77 87.35
{39.96 9s.66
{57.86 l0{.59
475,42 1t{.15
492.55 t2t.3z
509.51 135.08

525.98 l{6.42
5{2.0{ 158.3{
557.67 170.8t
572.86 183.82

587.59 197.35

601.83 2lt.{0
61s.58 225.33
628.80 240.93
641.{9 256.39

653.64 272.29

665.22 288.58

676.22 305.28

686.63 32?.36

596.{4 339.79
705.63 357.55
709.68 35{.00

1.332 *r



I
I
I
I
I
I
I

FAILURE SURFACE SPECIFIED IY 34 CIIOR!}IIIATE POIIITS

I
I
t
I
I
I

PtlIIII

iltl.

I
2
7

+

5

6

7

I
9

l0
tt
L?

t3
l4
l5
16

t7
t8
l9
20

2l
22

23

24

25

26

27

28

P0tt{T

[0.

I
2

,t

4

5

6

7

I

I-SURF

(FT)

t77.78
197.75

2r7.69
237,57

257.39

277.11

296.74

316.2{
335.6 I
354.83
373.88

392.75

{l l. {?
{29.87
{48. t0
466.08

{83. g I
501.2s

5t8. {2
535.27

551.8?
568.03

583.90

599.41

614.55

629.31
643.68
657.6{
67t. t9
684.30

696.98

709.20

720.97
725.80

1.359 fir

I.SURF
(FT)

.00

t9.59
39.30

59.10
78.99
98.92

I 19.90

139.90

r58.90

178.88

198.82

218.70

Y.SURF

(FT)

62.87
63.88
65. {6
67.61

70.3{

73.64

n.s0
81.92

86.90
92. {{
98.53

r05.16

u2.33
120.0{

t28.27

137.03

l{6.30
155.07

165.3{

t77. l0
t88.3{
200.05

ztz.?3
22{.85
237.91

251. {1
265.32

279.64

294.36

309. {6
324.93

340.76

356.93

36{.00

{{.00
39.99

36.58

33.78

3t .60
30.0{
21t.09

28.78

n,05

I
I
I
I
I
I

FAILURE SURFACE SPECIFIED 8Y 43 COORDII{ATE POINTS

21

30

31

32

33

3{

9

l0
il
t2

Y-SURF

(FT)

29.95

31.48

33.62



rsQ..it ,1t. /l
277,83 43.72
297.30 {9.30
316.61 53.48
33s.76 59.2s
35{.72 65.62
373.{8 72.56
392.0t 80.09{10.30 88. t8
{28.33 95.8{
{{6.08 106.05
{63.5{ u5.80
{80.69 126.09
{97.5t t36.91
513.99 l{9.2{
530. t2 160.07

545.87 172.40

561.23 tgs.2l
576.18 198.{9
590.72 2t2.2?
60{.83 226.40
618.{9 241.0t
631.69 256.03
644.42 271.{5
6s6.67 287.28
668.43 303.44
679.67 3t9.98
690.{0 336.86
700.61 35{.06
706. l0 364.00

1.372 rrr

JT

33

34

35

36

37

38

39

{0

;;
l6
t7
l8
l9
20

2l
?2

23

24

25

26

2l
2g

29

30

3t

{l
42

{3

I
I
I
T

I
I
I
I
I
I-'r
t
I
I
I
I
I
t
I
I



I
I
I
I
I
I
I
I
I

FAILURE SURFACE SPECIFIED BY 30 COORDIIIATE POII{TS

I
I
I
I
I
I
I

POII{T

t{0.

I
2

3

4

5

6

7

I
9

t0
ll
t2
t3

l{
t5
l6
L7

t8
19

20

2l
22

23

24

25

26

27

28

29

30

Itr

POINI

t{0.

I
2

3

{
5

6

7

I
9

t0
11

t2

l3

FAILURE SURFACE SPECIFIED DY 38 CO{IRDINATE POII{TS

I.SURF Y.sURF

(FT) (FT)

222.U 96.39

2{2. 16 97.90
262.05 t00.03
281.86 t02.78
301.58 t06. l4
321. t8 ilo. r0
3{0.65 tt{.58
359.97 n9.85
379.12 125.62

398.08 t31.98
416.84 138.93

{35.37 146.{5

{53.66 154.54

{71.69 163.?0

{89.{{ 172.41

506.90 182. 17

52{.05 192.46

540.87 203.28

557.34 214.62

573.{6 226.46

589.20 238.79

604.56 25r.51

619.51 264.90

63{.0{ 278.64

6{8.13 292.83

66t.79 307.4{
67{.97 322.{8
687.69 337.91

699.93 353.73

707,37 364.00

1.377 rrr

T-SURF Y.SURF
(FT) (FT}

t33.33 53.33

153.23 51.31

173. l8 {9.95
193. t7 f9.24
2t3.17 {9.r9
233. t6 {9.80
253. 12 51.06

273.03 52.98
292.86 35.56
312.60 58.79
33?.22 62.65
351.71 67.t8
371.03 72.33

390. t7 78. 12

409. 12 84.54

427.84 91.57

I
I
t l4

t5

t6



tet.sa fVr. {/
482.47 1t6.32
500. tt 125.7s
sl7.{3 135.76
534.{0 t{6.33
551.02 157.{6
367.27 t69.t2
583.12 181,32
598.57 194.02
613.58 207.23
628. t6 220.93
642.27 235.10
655.91 249,72
669.07 26{.79
68t.72 280.28
593.85 296.18
70s.{5 312.47
716.52 329. 13

727,02 346. 15

736.97 363.50
737,23 364.00

1.377 rrr

;;
20

2L

22

23

24

25
26

27

28

29

30

3t
32

33

34
?q

36

37

3g

I
I
I
I
I
I
I*r
I
I
I
t
I
I
I
I
I
I
I
t



t
I
t
I

FAILURE SURFACE SPECIFIED BY 40 COORDIIIATE POIIITS

I
I
t
I
I
I
I
I
T

I
l,,,

I
2

3

4

5

6

7

I
9

t0
It
t2
t1

l{
l5
l6
t1
LI

l8
l9
20

2t
?2

IJ
24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

{0

POIIIT T-sURF

ilo. (FT)

4{. {4
64. {2
84. {t

104.4t
t2{.{0
t{4.37
t6{.3r
t8{.20
204.02
223,76
243.42

262.17

?8?.39

301.69

320.84

339.8?

358.6{
377.26

395.69

{13.90
431.88
4{9.63
{67.12
{8{.35
501.31

517.97
534.33
550.39

566,12

581.51

596.56

61 r.25
625.58

639.52

653.09

666.25
679.0t
69r.36
703.28

707.97

1.380 r*r

Y.SURF

(FT)

47.62

{6.55
{6.02
46.02

{6.55
47.62

49.22

5r.3{
5{.00
57. l8
50.89

55. 12

69.86

75. 13

80.90

87. 19

93.97

tol. 26

109.04

I 17.3t
126.05

t3s.28
l4{.97
t55. t3
165.74

176.80

188.30

200.23

212.58

225.35

238.52

252.09

266.05

280.38

295.08

310. t{
325.5{
34r.27
357.33

364.00

T-SURF Y-SURF(FT) (FT)

133.33 53.33

152.3t {7.03
171.55 41.57

19t.02 36.98
210.67 33.25

230.{7 30.{1

I
I

FAILURE SURFACE SPECIFIED 8Y 39 COt]RDIIIATE POIITTS

I
I

POII{T

lto.

t
2

3

4
E
J

I



9

l0
il
t2
l3

34

35

36

37

38

39

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

t4
t5
t6
t7
t8
t9

20

2l
22

23

24

25

26

27

28

29

30

31

32

33

290.34 27.t9
310.33 27.89
330.26 29.{g
350. ll 31.96
359.83 35.31
389.37 39.55
{08.71 {f.6{427.8t 50.59
446.62 57,39
{65. I I 65.01
{83.24 73.{5
500.98 82.69
518.39 92.71
535. 14 t03.49
551.{9 tt5.00
567.3t t27.24
592.5i l{0.16
597.25 t53.n
61t.30 t67.98
624.7t t82.82
637.44 198.2{
6{9.{8 u4.n
660.79 2?0.71
67t.36 247.69

68r. t6 265. 12

690. t8 2n.97
698.39 301.21
705.79 319.79
712.35 338.69
718.06 357.85
719.60 36{.00

1.383 fir



35

36

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

FAILURE SURFACE SPECIFISI 8Y 35 C{IORDIilATE PtlII{TS

P0 tt{T

ll0.

I
2

3

{
5

6

7

I
9

10

il
l?
t3
l{
l5
16

t7
l8
t9
20

?l
?2

23

2{
25

to
27

2E

29

30

3t
32

J*:

3{

T.SURF Y-SURF

(FT) (FT)

l7l,7B 62.87

197,24 58.25
216.89 5{.52
236.68 51.66

256.58 {9.68
276.55 {8.58
296.55 {8.37
316.54 {9.05
336.48 50.61

356.33 53.06

376.05 56.38

395.61 60.58

{14.96 55.6{
{3{.06 7r.5s
{52.89 78.30

471.39 85.88
489.55 9{.28
507.31 103.{7

52{.65 u3. {{
5{1.53 124.17

557.91 t35.64
573.77 t{7.gs
589.08 160.70

603.79 t7{.2{
6t7.90 t88.42
631.36 203.22
64{. 15 218.59
556.25 23{.52
667.6? 250.97

678.25 267.90

698. 14 28s.29

697.23 303. l1
705.53 321.30
713.0t 339.85

719.66 358.71

721.26 364.00

1.399 l|r

I-sURF
(FT)

FAILURE SURFACE SPECIFIED BY {? COORDII{ATE POIIITS

POII{T

ilo.

I
2

J

4
q

6

I
g

I
l0

Y-SURF

(FT)

88.89

106.75
125.0t
143.65
162.6 t
lgl.86
201.3{
2?1.02

240.84

280.77

{9.5?
{0.52
3?.39
25. t2
18.76

13.32

8.80
qlt

2.58

.90



JUU. /ti .{0
320.72 1.59
340.61 3.73
360.37 6.8t
379.96 10.8{
399.33 t5.81
418.{5 21.69
437.26 28.{8
{55.73 36.16
{73.90 44,72
491.{5 5{.13
508.63 6{.38
525.29 75.4{
5{r.41 87.28
556.9{ 99.97
571.86 113.20

586.12 t27.2?
599.69 141.92

6l?.54 157.24

624.65 t73. 16

635.98 189.6{
646.50 206.5{
656,21 224.t3
665.06 242,A7

673.05 260.{0
580. 15 279. t0
686.35 298. u
691.63 317.{0
695.98 336.92

699.{0 356.63
700.32 364.00

l.{02 *r

IL
l3
t{
t5
l6
t7

I
I
I
I
I
I
I
I
I
I ttr

I
I
I
I
I
I
I
I
I

l8
t9
20

2L

n
23

24

25

26

27

28

29

30

3l
32

33

3{
35

36

37

38

39

40

{l
42



.00 232.50 {65.00 697.50 930.00 1162.50

t

I

I
I
I
I
I
I
I
I
I
I
t
l
I
I
I
I
I
I
I



s rnpiiiiio-iiriu-'iit,ili'ii'iii,r,
IRREcULAR FAILURE SURFACES

RUll DATE : 0t/20/ BB TIHE : l{:28: 33

PROBLEII DESCRIPTI(III rASTE R(ICK DUIIP STAEILITY AilALYSIS - SECTIOI{ I{0. 2

E{IUNDARY C(lORDIIIATES

6 TOP BOUI{DARIES

12 TOTAL EOUNDARIES

EOUIIDARY

ilo.
X-LEFT

(FI)

.00

85.00

200.00

330.00

463.60

740.00

330.00

350.00

390.00

{24.00
{60.00
560.00

Y-LEFT T-RIEHT(FT) (FT)

50.00 85.00
57.00 200.00
65.00 330.00
73.90 {63.60

175.00 740.00
175.00 800.00
73.80 350.00
75.00 390.00
95.00 42{.00
t05.00 460.00
135.00 660.00
r55.00 7{0.00

Y-RI6HT SOIL TYPE(FT) EELOII BI{D

57.00 2

65.00 2

73.90 2

175.00 I
175.00 I
187.00 I
75.00 2

95.00 2

t0s.00 2

135.00 2

t55.00 2
175.00 ?

I
2

J

4

5

6

7

I
9

l0
It
t2

I
I
I
I
I
I
I
I



ISOIRIIPIC StlIL PARAIIETERS

2 TYPE(S) OF SOIL

S{IIL TOTAL SATURATED

TYPE UI{IT IIT. UI{IT IIT.

lto. (PcF) (PcF)

I 130.0 130.0

2 125.0 125.0

C|IHESIOII FRICTItll{

II{TERCEPT AIIGLE

(PSF) (DEO)

.0 37.0
1500.0 29.0

PORE PRESSURE PIEZOIIETRIC

PRESSURE COIISTAIIT SURFACE

PARAIIETER (PsF) ilCI.

.00 .0 I

.00 .0 t



A CRITICAL FAILURE SURFACE SEARCHII{E ftETHoD, USIilt A RA}|00H

TECHilISUE FoR 6El{ERATIil6 SLIDiilG [L0CK SURFACES, HAS BEEil

SPECIFIED.

50 TRIAL SURFACES HAVE BEEI{ 6EI{ERATID.

3 EOTES SPECIFIEI} FOR GEI{ERATIOI{ OF CENTRAL BLOCK BASE

LEIIETH OF LII{E SEGIIEI{TS FOR ACTIVE AND PASSII,E PORTIOIIS OF

sLIDlr{G gLocK IS 30.0

80I
ilo.

a

2
,

I.LEFT
(FT)

330.00

350.00

463.90

Y.LEFT I.RI6HT
(FT) (FT)

73.80 330.00

75.00 390.00

175.00 463.90

Y-RI6HT IIIDTH
(FT) (FT}

73.90 .00

95.00 4.00

175.00 .00



FOLLOIIII{8 ARE DISPLAYEI IHE TEil IIOST CRITICAL OF THE TRIAL

FAILURE SURFACES ETATIIIIED. THEY ARE ORI}ERED - IIOST CRITICAL

FIRST.

r * SAFETY FACTORS ARE CALCULATED BY THE IIODIFIED JAI'IBU iETHOD T T

FAILURE SURFACE SPECIFIED BY 3 C{IOROII{ATE POIHTS

I.SURF Y.SURF

(FT) (FT}

330.00 73.80

353.82 78,77

463.90 r75.00

1.0{8 lrr

FAILURE SURFACE SPECIFIED BY 3 CI]ORDII{AIE POIilTS

POII{T

t{0.

t
2

J

ttt

PtlIIIT

ilo.

I
2

J

I.SURF Y.SURF

(FT) (FT}

330.00 73.80

362.06 8?.98

{63.90 175.00

1.0{9 rrrttr



I FA'L,RE suRFAcE spEcIFtED BY 3 c.'RDtilATE P.'l{Ts

I 'ffi:' ',lTl' 'illl'

I I illls li:l!
i lgl.go 175'oo

I *r l.osl *r

I
FAILURE SURFACE SPECIFIED BY 3 COORDIIIATE POIIITS

t
POIIIT I-SURF Y'sURF

I -l' 
,;::, :::,

2 363.78 83's7

I 3 463'eo l7s'oo

I 
rlt 1.051 ltr

I
I
I
I
I
I
I
I
t
I



I FAIL'RE suRFAcE spEcIrIE,, BY a c''RDlilATE P'ItlTs

I 'il:' ';ll' \lll'

I I ffi:ll llll
3 463'90 175'00

I
ttt l'052 *r

t
FAILURE SURFAIE SPECTFIEI BY 3 COOROIIIATE PIIII{TS

I
POIilT T-SURF Y-SURF

I -: 
,;:, :::,

r 362'98 83'07

I i n's'go 17s'oo

I 
trr 1.052 *r

I
I
I
I
I
T

I
I
I
I



I
I
I
I
I
t
I
I
I
I
I
I
I
I
l
I
I
I
I

FAILURE SURFACE SPECIFIEO BY 3 C{IORDIIIATE POIIITS

POIIIT I.SURF

t{0. (FT)

I 330.00

2 353.13

3 463.90

Y.SURF

(rT)

73.80
77.85

175.00

ltr t.05{ rrr

FAILURE SURFACE SPECIFIEI} BY 3 COORDIIIATE PtIIIITS

I.SURF Y.SURF

(FT) (FT)

330.00 73.80

3s6.98 79.59

463.90 175.00

1.055 r*r

POIilT

N0.

t
2
?



FAILURE SURFACE SPECIFIEO 8Y 3 CII(IROIITATE POIIITS

T.SURF Y.SURF

(FT) (FT)

330.00 73.80

368. t5 85.{5

463.90 175.00

1.056 rrr

FAILURE SIJRFACE 9PECIFIED BY 3 COORDII{ATE POII{TS

POI}IT

ilo.

t
2

3

POIilT

l{0.

I

2

3

x-suRF
(FT}

330.00

358. t7
463.90

Y.SURF

(FT)

73.80

80.04

175. 00



.00 100.00 200.00 300.00 {00.00 500.00

.00 +----F---+---------+---------+---------F--------+

100.00 ;

A 200.00 + l'

I 300.00 +

I 400.00 ;

s 500.00 +

F 700.00 ;

T 800.00 +



I ";;lillil'llilh'll'fiill'#'l,i'"I IRREoULAR FAILURE suRFAcEs

I Ruil DATE r ot/to/ EB TII'E : l{:29: o2

I pRoBLElt DEscRIpTto!{ IAsTE RocK Dunp STABILITY A}IALYSIS - sEcTI0}l tl0. 2

I

I BOUI{DARY COORI}II{ATES

-
6 TOP BOUIIDARIES

I 12 ToIAL BltuttttARlEs

t
I BOUIIDARY T-LEFT Y-I."EFT I-RI6HT Y'RIEHT SOIL TYPE

I ilo. (FT) (FT) (FT) (FT) BELos Bt{D

- I .00 50.00 85.00 57.00 2

I z ss.oo Jl.oo 2oo.oo 6s.oo 2

t 3 2oo.oo 6g.00 33o.oo 73.80 2

4 330.00 73.80 463.60 175.00 I

I s {69.60 l75.oo 7{o.oo t75.oo t

I 6 7{o.oo l7s.oo soo.oo l87.oo I

7 330.00 73.80 350.00 75'00 ?

I I 350.00 75.00 390.00 95.00 2

I 9 g9o.oo 95.00 {2{.oo tos.oo 2r ro 424.00 tos.oo {60.00 t35.oo 2

l1 {60,00 135.00 650.00 155.00 2

I n G6o.oo tss.oo 74o.oo l75.oo 2

I

t
I
t
I
I
I
I
I



I
2 TYPE(S) (lF SOIL

I s.rL T'TAL 
'AT'RATED 

c'HEsr'* FRrcIr'r{ p'RE pREssuRE 

'IEI''ETRI'TYPE UilIT IIT. UI{IT TT. IIITERCEPT A}IOLE PRESSURE COI{STAIIT SURFACE

I 
ilo. (pcF) (pcF) (psF) (DEE) nARAIIETER (PsF) t{0.

I 130.0 130.0 .0 37.0 .00 .0 I

I 
2 12s.0 12s.0 1s00.0 2e.0 .00 .0 I

I
I
I
I
I
t
I
I
I
I
I
I
I
I
I



I ^,:lillill illHli,illlffi"iiilill-:,lFlill: lll-l,l-1|lll"*

I t00 TRIAL suRFAcES ttAvE BEEI{ EE}IERATED'

I IO SURFACES II{ITIATE FROIT EACH OF IO P(III{TS EOUALLY SPACED

t ALottE IHE ERouHD suRFAcE BETllEEtl I = 300'00 FT'

ANI I=360.00FT'

' EACH stJRFAcE IERlltllATEs EETuEEll I = 450'00 FT'

ANI I=550'00FT'

I
Ut|LEssTuRTHERLI|{ITATI0I|s!|EREInPt]sEll'THElllill|luttELEvATltlt{

I 
ai-unicn A suRFAcE ExTEI{Ds ls Y = 30'00 FT'

I 
10.00 FT. LII{E sE6ltEllTs DEFINE EAOH TRIAL TAILURE suRFAcE'

REsTRlcII0l{sHAVEBEEI{IneusEuuPottTHEAI|6LE0FIt|ITIATl0t|.

I ffi';iliils..iEin iEsrnrcTED BETHEEil rHE Ar{sLEs 0F -4s.0 At{D

I
I
I
I
I
I
I
I
I
I
I

5.0 DEG.



POINT

[0.

I
I
I
I

T{ILLBIIIIIE ARE I)ISPLAYEI} THE IEI{ IT|IST CRITICAL I]F THE TRIAL

FAILURE SURFACES ETAITIIIED. THEY ARE ORDEREO - ITtlST CRITICAL

FIR$T.

r T SATETY FACTORS ARE CALCULATED BY THE IT(IDIFIED JAI{BU ITETHOO T T

FAILURE SURTACE SPECIFIED 8Y 17 COtlRDIIIATE POIIITS

I
I
I
I
I lrI

I

P(lI}IT

il(l.

I
I
I
I
I
I
I
I

t
2
I

4
q

6

7

I
9

l0
11

t2
l3
1{

15

t6
L7

T-SURF Y-SURF

(rT) (FT)

360.00 96.52

369.99 96.?0

379.98 96.70

389.90 98.01

399.67 100. t2
409.2{ 103.02

418.54 106.70

427.51 lll. 12

{36.09 116,26

444.22 122.09

45t.85 128.54

{58.93 135.61

465.{0 t{3.23
471.23 151.35

{76.38 159.92

480.82 168.89

483.24 175.00

1.272 *t*

I-SURF Y.S|IRF

(FT} (FT)

360.00 96.52

369.93 95.36

379.93 95. t9

399.90 96.02

399.73 97.83

409.3{ 100.6t
{19.6? t0{.34
427.49 108.97

435.84 u{.{5
{43.61 120.75

450.i2 127.78

457.09 13s.49

462.67 143.79

{67.39 152.61

47t.21 161.85

47{.09 l7l.{2
474,71 175.00

1.381 rrl

FAILURE SURFACE SPECIFIED BY 17 C{IORDI}IATE POIIITS

t
2
,,

4

5

5

7

g

9

l0
It
T2

t3
l4
ts
t6
17



I
I
I
t
t
I
I
I
I
I
I
I
t
I
I
I
I
I
I

FAILURE SURFACE SPECITIED 8Y Ig C{I(IROIIIATE POIIITS

PtlIIIT

t{0.

I
2

3

{
5

6

7

I
I

t0
1l
l2
t3
l4
l5
16

17

18

ttt

P(lIIIT

il(l.

I
2

4

5

6

7

I
I

l0
1l
t2
t3
t{
tq

l6
L7

t8

tlt

FAILURE SURFACE SPECIFIED BY I8 CI]ORDIIIATE POIIITS

T-SURF Y-SURF

(FT) (FT)

3{0.00 81.37
3{9.98 80.79

359.98 8r.u
369.90 82.3{
379.67 8{.{7
389.21 97.48

398.{3 91.3{
407.27 96.02

{15.6{ 101.49

{23.{8 107.69

{30.73 ll{.59
437.32 l2?.ll
{{3.19 130.20

{{8.31 r38.79

452.63 l{7.91
456. t0 157. l9
{58.71 166.9{

{59.61 171.98

l.{2{ f|r

T-SURF Y-sURF

(FT) (FT}

360.00 95.52

369.98 97.20

379.90 99.{3
389.7{ 100.?0

399.{7 102.50

{09.06 t05.34
4tB.{8 108.70

4?7.70 112.57

{36.70 116.9{

{45.{4 l?1.80
{53.90 127. l3
{52.08 132.91

{69.88 139. l{
477.35 145.78

484.{5 152.93

{91. 15 160.26

497.{3 168,0{

502.4{ 175.00

1.483 rfr



t
I
I
I
I
I
I
I
I
I
I
I
I
t
t
I
I
I
I

FAILURE SURFACE SPECIFIEO 8Y 2I C{IORIIIIATE P{II}ITS

POII{T

iltl.

I
2
t

4

5

5

7

I
9

t0
tlta

12

13

14

15

16

l7
t8
19

20

21

Itt

T-sURF Y.SURF

(FT) (rT)

333.33 76.32

3{3.29 75.36

353.29 75. l8

363.27 75.77

373.t7 77.1{

382.94 79.27

392.52 82.16

401.8{ 85.78

410.85 90.12

{19.{9 95. 15

427.72 100.84

435.{8 t07. t5

442.72 11{.04

4{9.41 l2t.4i
455.{9 129.{l

460.94 137.79

{65.73 t{6.57

469.81 155.70

473.17 165.12

{75.79 t71.71

475.83 175.00

1.542 *rr

FAILURE SURFACE SPECIFIEI) BY 21 COIIRI}II{ATE POII{TS

POII{T

llCI.

t
2
?

{
5

b

7

g

I
t0
tl
t2
13

t4
15

16

L7

t8
t9
2t)

2L

t*t

T.SURF Y.SURF

(FT} (FT)

333.33 76.32

3{3.29 75.37

353.29 75.18

353.27 75.78

373. ti 77. t4

382.95 79.27

392.52 82.ls
401.95 85.76

{10.86 90.09

419.52 95.10

{27.75 100.77

435.53 107.06

442.79 113.93

{49.50 t21.35

{55.62 129.26

{61.10 137.62

465.91 l{6.39
470.04 155'50

473.44 t6{.90

{76. 11 l7{.5{
476.20 175.00

1.543 |r*



I
I 'ffi:'

FAILURE SURFACE SPECIFIED 8Y 21 CII{IRDII{ATE POIIITS

I
I
t
I
I
I
I
I
I
I
I
t
I
I
I
t
I

t
2

3

{
5

5

7
g

I
10

tl
lz
t3
1{
t5
t6
l7
t8
t9
20

2L

rtt

T.sURF Y.SURF

(FT) (FT)

333.33 76.32

3{3.3? 75.90

353.32 76.13

363.29 77.02

373.16 78.55

382.33 80.72

392.52 83.53

{0t.92 86.96

411.07 90.99

419.94 95.6t

{28.{8 100.90

{36.57 106.5{

{44.47 tt2.gl
451.94 119.56

{59.75 126.79

{65.18 t3{.45

{71.09 1{2.51

{?6.47 150.95

481.28 159.71

485.51 168.77

{87.93 175.00

1.553 rrr

FAILURE SURFACE SPECIFTEI! BY 19 COORI}II{ATE POIIITS

PO IIII
l{0.

I
I

2

3

4
q

6

I

u
q

10

It
LZ
t1

t{
l5
16

l7
IB

l9

Itt

T.SURF Y.SURF

(FT} (FT}

326.67 73.57

336.64 72.79

3{6.6{ 72.85

356.60 73.75

366.4{ 75.49

376.11 78'04

385.53 81.{1

394.63 85.55

{03.3{ 90.{6

411.62 96.07

{19.39 102.37

{26.60 109.30

433.20 l16.gt
439.15 124.95

444.{0 133.36

{{8.91 1{2.28

452.65 151.56

455.60 l6t. ll
{57.64 170.49

1.569 |rr



I
9

l0
t1

t2
l3
t{
15

t5
t7
l8
l9
20

PtlIIIT

ilo.

6

7

U

9

t0
ll
t2
13

t4
15

t6
l7
t8
19

20
2l

I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I

FAILURE SURFACE SPECIFIED BI 20 COORDIIIATE POII{TS

POIIIT

t'10.

I
I

7

.l

4

5

6

7

86.{2
8{.92
8{.25
8{. {3
85.{5
87.30

89.97

93.{5
97.71

t02.7 l
108.,t2

t 14. gl
rtt q?

t29. {0
137.5t

146.08

155.06

164.38

173.96

tn.00

T-SURF Y-SURF

(FT} (FT)

tlt

3{6.67
356.55
366.53
376.53

386. {8
396.30

405.9{

415.32

424.37

433.02

{{1.23
{49.33

456.06

{62.57
468. {3
{73.58
477.98

48 1.62

{84. {5
48{.67

1.591 rrr

FAILURE SURFACE SPECIFIEI 8Y 2T COORDIIIATE POIIITS

I
2

3

{
5

T-SURF Y.SURF

(FT) (FT}

3{0.00 81.37

349.62 78.66

359.{6 76.86

36.q.42 75.99

379.{2 76.06

389.37 77.08

399. rB 79.02

{08.76 81.88

419.03 85.62

426.91 90.23

{35.32 95.6{
4{3. t8 101.83

{50.42 108.72

456.t8 116.27

462.81 124..{0

{67.8{ 133.0{

472.0{ t{?.11
475.36 151.5{

477,79 161.2{

{79.29 t7l. t3
479.51 175.00

1.629 rrr



YATISFi
I

I
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ak in 86

IIOVE THE CURSOR TO THE POSITIOII F{lR S.F. PLOT (RETURI{} TO PL(IT



RUtl DATE s 0l/20/ 88I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

..SLOPE STAEILITY AIIALYSIS..

SIIIPLIFIEII JAI{8U IIETHIID OF SLICES

IRRESULAR FAILURE SURFACES

TlltE : t{:39: 09

PR(IBLEII IESCRIPTIOil IIASTE R(ICK DUIIP STABILITY AIIALYSIS - SECTiOI{ il{l' 3

BOUIIDARY COOROI}IATES

3 TOP BOU}IDARIES

T8 TtlTAL EIIUI{DARIES

BOUI{[ARY

ll0.

X.LEFT Y-LEFT

(FT) (FT}

.00 50.00

t90.00 50.00

586.00 350.00

190.00 50.00

290.00 70.00

3{0.00 90.00

{00.00 110.00

460.00 130.00

5{0.00 150.00

680.00 170.00

765.00 190.00

925.00 210.00

1070.00 230.00

1215.00 250.00

t350.00 270.00

r{95.00 290.00

1550.00 310.00

1600.00 330.00

I.RIEHT
(FT)

190.00

586.00

1690.00

280.00

3{0.00
400.00
460.00

540.00

680.00
765.00
925.00

1070.00

1215.00

1350.00

1{95.00

1550.00

1600.00

r690.00

Y-RI6HT
(FT)

50.00

350.00

350.00

70.00

90.00

110.00

130.00

150.00

170.00
t90.00
210.00

230.00

250.00

270.00

290.00

310.00

330.00
350.00

SOIL TYPE

BELoll 8ll0

2

I
t
2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

t
2

3

{
5

6

1

I
9

t0
u
t2
13

1{
t5
t6
17

l8



IS|ITROPIC S(ITL PARAIIETERS

I
2 TYPE(s) OF SOIL

TOTAL SATURATED

uillT lrT. ut{lT sT.
(PCr) (PCF)

130.0 t30.0

125.0 125.0

COHESIOII FRICTIOI{

IIITERCEPT AIIGLE

(PSF) (DE6)

.0 37.0

1500.0 29.0

PRESSURE PIEZOIIETRIC

COI{STAKT SURFACE

(PsF) l{0.

.0 I

.0 1

P{IRE

PRESSURE

PARAITETER

.00

.00

I
SOIL

I 'ffi:

I

lz
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I



I ^,:lillift ill|.tlffilllll"lillil'il;li'lfili^llli'-l'lllfl'
SPECITIED.

I s0 TRIAL suRFAcEs HA,E BEEI. BE'{ERATE''

I 2 B,,IE' SPECIFIED FOR .EIIERATIO}I ,,F CEIITRAL BLOCK BASE

I LEilGTH OF LIIIE SEE}IO{TS Ft]R ACTI\,E A}ID PASSI',E PORTIOIIS OF

sLIDItlG 8L0CK IS 25.0

I B0I I-LEFT 
'-LEFT 

I-RIBHT Y-R'EHT IIIDTH

ilo. tril' titl (FT) (FT) (FT)

I t teo.oo so'oo teo'oo so'oo 'oo

z zso.ii 7o'oo 4oo'oo 110'oo s'oo

t
T

l
I
I
t
t
I
t
'l
I
I
I



Y-SURF

(FT)

PtlIilT
iltl.

a
I

I
3

{
q

6
tt
u

9

t0
tt

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I

FOLLOIIIIIE ARE DISPLAYED THE TEI{ ITOST CRTTICAL tlF THE TRIAL

FAITURE SURFACE5 ETAIIII{EO. THEY ARE OROEREI} - IIOST CRITICAL

FIRST.

TTSAFETYFAcToRsAREcALcuLATE0BYTHEI|0DIFIEDJ[l|BultETH0Drr

FAILURE SURFACE SPECITIEO BY T4 COOROIIIATE P[!II{TS

POI}IT

t{0.

t
2

J

{
5

6

7

I
9

t0
11

L2

t3
t{

Itt

I.SURF
(FT)

190.00 50.00

360.88 95. t0

373.10 tt6.9t
389.58 135.71

{06.44 l5{.16

422.63 173.n
440.20 191.00

{56.41 210.03

412.29 229.3{

{89,?5 247.24

507,42 264.92

523.4.c 28{.07

531.60 307.72

534.{t 310.92

1.157 lrr

FAILURE SURFAIE SPECIFIEO BY T1 COORDIilATE P{IIIITS

T.SURF Y-SURF

(FT) (FT)

190.00 50.00

39{.65 110.01

{11.51 129.48

{?8.95 146.39

444,21 166.14

{56.27 18s.07

469.78 209.11

483.80 229.81

498.{0 250.10

506.28 273.83

512,52 29{.'{I

t.192 |rr



I
/
3

{
5

6

7

B

9

l0
It
t?

I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I

FATLURE SURFACE SPECIFIED BY 12 CIIORDiNATE POIIITS

P|lIilT

ilo.

t
2

3

{
5

5

7

I
9

10

1t

12

ttr

T.SURF Y.SURF

(FT) (FT)

t90.00 50.00

386.8{ t0{.29
402.56 123.73

{15.86 t{{.90
{33. t{ 162.96

{48.17 182.9{
461.90 203.8{

470.47 U.32
486.21 2{6.75
503.76 264.55

518.{l 28{.80

523.?0 302.42

l.194 rrr

I.SURF Y.SURF

(FT) (FT)

190.00 50.00

37r.3{ 99.76

?88.39 118.05

{05.06 t35.73
{r8. l8 157.59

{28.30 180.{5
4{2.06 201.33

459.6{ 219. l0
476. tt 237.91

486.34 260.72

50{.00 278.41

510.02 292,44

1.198 fir

FAILURE SURFACE SPECIFIED BY 12 COI}RDIIIATE POII{TS

P0mT

t{0.



I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

FAILURE SURFACE SPECIFIED 8Y 8 COORDIIIATE PtIIIITS

PO II{T

iltl.

I
2

3

{
5

6

7

I

Itr

I
2

3

4

5

6

7

I
9

t-suRF
(FT)

Y.SURF

(FT)

FAILURE SURFACE SPECIFIED BY 9 CIIORNIilATE POIIIT5

t90.00 50.00
306.04 78.99
323.57 96.81

339.80 115.82

35{.16 136.28

36{.09 159.23

37r.49 183. ll
373.28 188.85

1.2?7 rrr

T.SURF Y-SURF

(FT) (FT)

190.00 50.00

339.73 87.76

355. t0 107.47

370.97 126.79

38{.98 l{7.50
397.01 169.{2
414.69 187.09

425.{9 209.6{
{28.33 230.55

1.228 *lr

POINT

ilo.



I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I

FAILURT SURFACE SPECTf IEI) BY 8 COORI}IIIATE P{II$S

P|lII{T

ll0.

I
2

3

{
5

6

7

I

trt

T-SURF Y.SURF

(FT) (FT)

190.00 50.00

313.22 91.40

329.0i 100.71

345.03 119.97

360,80 139.37

378.21 157.31

381.98 182.02

391.88 202.94

1.238 *r

TAILURE SURFACE SPECIFIED Blf 9 C0tlR0ittATE Pott{Ts

P|lIIIT

ll0.

t
2.

3

{
5

6

I
I
9

tlt

I.SURF Y'SURF

(FT) (FT)

190.00 50.00

30i.88 77.1s

319.{t 99.93

336.{7 tt8.2l
352.30 137.56

365.92 158.58

382.{{ 177.26

399.99 195.06

400.79 209.69

1.243 llr



POIl{I

lto.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

FAILURE SURFACE SPICIFIED 8Y 10 COORDIIIATE P{IIIITS

a
a

2

3

+

5

6

7

I
9

l0

I-SURF Y.SURF

(FT) (FT)

190.00 50.00
389.50 t08.62
{06.{3 127.02
{r8.{2 t{8.96
{28.92 t7t.64
437.85 t9{.99
{s4.02 2r{.06
{67.{5 235.15

{85. il 252.84

486.43 274.37

l.?59 rrr

I-SURF Y-SURF

(FT) (FT)

t90.00 50.00

371.09 t01.36
388.49 u9.30
400.{4 t41.26
{17.64 ts9.40
{30.35 180.93
{35.20 205.{5
4s2.{1 223.58

455.9{ 2{8.33
{57.15 252.39

1.270 rI|

FAILURE SURFACE SPECIFIED BY IO COORDII{ATE POIIITS

PtlII{T

t{0.

I
2

3

{
5

6

7

I
I

l0

rtt



I
I
I
I
I
t
I
I
I
I
I
I
t
I
I
I
I
I
I

.00 211.25 {22.50 633.75 845.00 1056'2s

.00 Fr------+---------+---------+--------*-------'-*

.I

211.25 +

- t..
- 55..
- 11575.

- 116657

422.i0 + 211{66
- r 21il0.
- 211{

r 121

I 633.75 +

-t

.,

I 8{5.00 +

s 1056.25;

1267.50 ;

F 1{7S.n;

T 1690.00 ;



I
I
I
I
I
I
T

I
I
I
I
I
I
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--SLOPE STASIIITY AIIALYSIS-.

5I}IPLIFiED JAIIEU ITETHOD OF SLICES

IRREEULAR FAILURE SURFACES

RUll 0ATE : 0l/20/ 88 TlllE : 14:40: 17

PROELEII DESCRIPTIOI{ IIASTE ROCK DUITP STAEILITY AIIALYSIS - SECTIOI{ I{0. 3

BOUI{DARY COORDIIIATES

3 TOP EOUNDARIES

18 TOTAL BOUIII}ARIES

E(lUIIIARY

ilt].

I
2

3

4

5

6

7

I
9

l0
11

12

t3

l{
15

t6
t7
18

I.LEFT
(rT)

.00

190.00

586.00

190.00
280.00

3{0.00
400,00

{60.00
5{0.00
680.00
765.00

925.00

1070.00

12t5.00
1350.00

l{95.00
1550.00

t600.00

Y-LEFT T.RIEHT
(FT) (FT)

50.00 190.00

50.00 586.00

350.00 1690.00

50.00 280.00

70.00 340.00

90.00 400.00

I10.00 460.00

130.00 5{0.00

150.00 680.00

170.00 765.00
190.00 9?5.00

210.00 1070.00

230.00 1?15.00

250.00 1350.00

270.00 1{95.00

290.00 1550.00

3r0.00 1600.00

330.00 1690.00

Y.RI6HT SOIL TYPE

(FT) BELOII BI{D

50.00 2

350.00 I
350.00 t
70.00 2

90.00 2

110.00 2

130.00 2

150.00 2

170.00 2

190.00 2

210.00 ?.

230.00 2

250.00 2

270.00 2

290.00 ?

310.00 2

330.00 2

350.00 2

I
I
I
I



t 
ts0TR0PIc soiL PARAIIETERS

I 
2 TYPE(S) 0F soIL

StlIL TOTAL SATURATEO CtIHESIOII FRICTIO}I PORE PRESSURE PIEZIIIIETRIC

I ffi '*ti'. 
-iiriir';: 

riiEncEpr 
1;:ii ,lliilY5 

.1i;1i' suRFAcE

I I llll lll:l o*.1 ll:l :il :l I

I
I
t
I
I
I
I
t
I
I
I
I
I
I
I



I -,:lillffi 
ill'Hlilffiff,lilllll-:,l:llll: ffil-l,l--1i1il"E0.

I 100 TRIAL suRFAcEs HA'E BEE'I 6EI{ERATED'

I 
^il#lli'El,ill'lllF^['l,illl*o'1'! 

!!illi i!:"" 
...

AilD I=350'00FT'

I 
EA'H suRFAcE TERnInATEs BtT*EEr{ 

I = lli.ll il:

I
ur{LEss FURTHER LuttTATIor{s HERE I}tp0sED, THE ttlt{iltutt ELEVATI0II

I 
ii-[ii*r n suRFAcE EITEI{Ds ls Y = 30'00 FT'

t 
2s.00 FT. LIIIE sEBltEfiTs DEFII{E EACH TRIAL FAILIIRE suRFAcE'

REsTRtcTI0l{sHAIJEBEEI{IilP0sEDuP0}|-T{EAtl8LE0FI}|ITlATl0l|.

I Til'Xiliiilir"i;;;* mrncTEu BETuEET{ itti rHrus 0F -{5'0 At{D 5'0 uEE'

I
I
I
I
t
T

I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I

F0LL0l|Il{6AREDISPLAYEDTHETEil}t0ST0RITICAL0FTHETRIAL

FAILuREsuRFAcEsEIAI|II{ED.THEYAREoRDERED.I|osTcRlTIcAL
FIRST.

r I SAFETY FACTORS ARE CALCULATEI} BY THE IIODIFIEI} JAIIBU ilETHOII T T

FAILURE SURFACT SPECIFIED BY 23 COORDII{ATE POII{TS

PtlII{T

t{0.

T.SURF Y.SURF

(FT) (FT}

203.33 60. l0
228.31 6t.24
253. i8 63.78

277.87 67.72

302.29 73.0{

326.38 79.73

350.05 87.71

373.24 57.12

395.85 w.77
417.84 119.68

439. 12 132.80

{59.62 147. t0

4?9.29 162.5{

{98.06 179.05

515.86 196.60

532.65 215.13

5{8.37 234.57

562.97 ?54.86

576.40 275.94

588.63 217.75

599.61 320.21

609.30 343.26

611.70 350.00

l.146 rrr

258.33 101.77

293.29 t03.31

308.09 106.{1

332.66 t11.06

356.89 117.25

3S0.67 124.9{

403.92 13{. l1

{26.56 144.72

{{8.49 156.73

{69.61 170.10

489.86 l8{.76
509.15 200.66

527.{0 211.74

544.55 235.9{

560.52 255. 17

57q.15 ',1?5.37

I

2

,t

{
F

6

I

I
9

l0
11

12

l3
l4
l5
16

L7

t8

t9
20

2L

22

23

tlt

FAILURE SURFACE SPECIFIED gY 20 CIIORDIIIATE P[!II{TS

T-SURF

(FT)
POII{T

t{0.

Y.SURF

(FT}

I
2

3

4

5

b

7

I
9

10

ll
L2

13

t{
t5
,f.:



I
I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I

ttr

IU

t9
20

500.77 318.3{
6lt.{6 3{0.9{
6rs.07 350.00

l.152 rrr



I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I

FAILIJRE SURFACE SPECIFIEO 8Y 2{ CO{IRIIIIIATI P(IIIITS

POIIIT

t{0.

I
2

3

{
5

6

7

I
9

l0
il
t2
l3
l4
l5
l6
17

tg
t9
20

2l
22

23

24

ITI

T.SURF Y-sURF

(FT) (FI}

185.00 50.00
209.98 {8.93
234,97 {9.35
259.90 5t.2{
284,67 5{.6r
309.20 59.{5
333.{0 65.72

357.19 73.{3
380.{7 82.52
{03.18 92.98
423,22 t0{.77
445.53 1t7.85
{67.03 t32.16
486.64 t47.67
505.30 164.3t
522.93 182.03

539.{9 20A.76

554.91 n0.44
569. l{ 2{0.99
582.12 252.36

593.81 28{.{6
60{.t7 307.21

6t3. l5 330.53
619.37 350.00

l.l7l rrr

T-SURF Y.SURF

(n) (FT)'

295.00 t29.55
319.99 t30.35
3{{.95 132.99

369.{4 137.{7
393.6{ l{3.74
{17.31 t51.70
{40.33 t61.55
{62.56 t72.99
{83.89 t86.03
504.19 200.62

523.36 2t6.66
541.30 23{.08
557.90 232.77
573.08 272.63

586.76 293.56
598.85 3t5.{4
509.29 338. t5
613.71 350.00

1.172 ilf

FAILURE SURFACE SPECIFIED 8Y 18 CO{IRDIHATE POIIITS

POIIIT

t{0.

I
2

3

{
q

5

7

I
I

10

lt
l2
l3
14

t5
16

t7
l8

*rt



Y-SURF

(FT)

I
I
t
t
t
I
I
t
I
I
I
I
I
I
I
I
t
I
t

FAILURE SURFACE SPECIFIED BY 19 CtltlRDTI{ATE POIIITS

POII{T

iltl.

t
2

3

{
5

5

7

I
I

l0
11

l1

t3
l4
t5

16

t7
18

t9

TII

POIilT

lto.

t
z
3

{
5

6

7

I
9

t0
u
LL

13

t{
l5

Itr

I.SURF
(FT)

T-SURF Y-SURF

(FT) (FT)

276.6t t15.66
301.60 il7.50
326.37 120.85
350.90 t25.71
375.08 132.0{
398.84 139.83
422.07 t{9.05
{{{.71 159.67
{66.66 171.6{
487.84 tg{.92
508.17 199.46

5e7.59 215.22

5{6.00 232.12
563.36 250. ll
579.60 269. 12

594.6{ 289.08

608.45 309.93
620.97 331.57
630. 19 350.00

l.l8l *rr

FAILURE SURFACE SPECIFIEO 8Y 15 COORIIIIATE POII{TS

350.00 171.21

375.00 t7r.t4
399.88 173.57
{2{.39 t79.50
{48.28 185.85
47t.32 t95.57
493.26 207.56
513.89 221.68
532.99 237.91

550.38 2s5.77
565.88 275.39
579.33 296.{6
590.59 318.7S

599.56 3{?. lr
60r.71 350.00

l.182 fir



T-SURF

(FT)

P(lI}IT

il{l.

I
2

3

{

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

FAILURE SURFACE SPECIFIED 8Y 2{ CO(IRDIIIATE POIIITS

PllINT

t{0.

I
2

3

{
5

5

7

I
9

10

1l
L2

l3
14

t5
t6
t7
l8
l9
20

2l
22

23

24

Y-SURF

(FT)

203.33 60. t0
2?8.t5 57.09
253. t2 55.80
278. ll 56.23
303.02 59.38

327.72 62.24

352. t0 67.80

3i6.03 75.02

399.41 83.88
422.12 9{.32
4{4.06 106.31

{65.12 119.78

{85.2r t3{.67
s0{.22 150.90

522.06 168.4t
538.66 t87.11
553.93 206.90
567.80 W.70
580.20 249.{t
591.07 27t.92
600.37 295. t3
609.05 3t8.92
51{.07 343. t8
615.27 350.00

1.185 lrr

T-SURF Y-SURF

(FT) (FT)

203.33 60. t0
228.t4 56.96

253.09 55.51

278.09 55.75

303.02 5i.68
327.73 61.29

352. t9 66.57
376.21 73.49
399.71 92.02
422.58 92.13
{{{.71 t03.75
{65.0t 116.85

{86.37 13t.36

505.69 t47.22
523.91 164.3{
540.92 r82.66

5s6.55 20?.09

571.03 2n,54
584.00 243.92
595.{8 266. 12

605.44 289.05
6r3.93 312.60

FAILURE SURFACE SPECIFIED 8Y 2{ COORDII{ATE POII{TS

q

6

7

I
9

t0
ll
L2

t3
1{

l5
16

t7
18

l9
20

2L

n



L* bz3.3g 350.00

ItI l.l9{ pr



I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I

I
g

t0
u
LL

t3
t{
t5
t6
t7
t8
t9
2A

2t
22

23

24

FAILURE SURFACE SPECIFIED 8Y 24 CII(IRDII{ATE PIIIIITS

POII{I

t{0.

I
2

3

4

5

6

7

I.SURF
(FI)

203.33
228.31
253.20
277.94

302. {8
326.76

350.71

374,29

397. {t
420.05

{42. l{
463.62

{g{.45
50{.58
523.95

5{2.53
560.25

577.09

593.00

607.9{
621. g8

634.78

6{6.61
651.95

l.197 rrr

Y.SURF

(FT)

60. t0
6t.22
63.56
67.r2
7t. 90

77.88

85.04

93.38

102. g6

I t3..r7
t?5. l8
137.96

tst. 78

166.61

t82.4t
t99. l5
216. i8
23s.2s

25{.5{
27{.58
295.3{
316.75

338.77

350.00

FAILURE SURFACE SPECIFIED 8Y 24 C|IORI)II{ATE P{IIIITS

POIIII

il{|.
X-SURF

(FT}
Y-SURF

(FT)

50. t0
58.52

58.63

60. t2
63.08

67.5t
73.39
80.69

89. {l
99.49

I t0. 9t
123.6{
t37.6t
t52.79
159. l2
r86.5{
20{.99
224.41

244.73

255.88

287.78

310.35

I 203.33
2 228.29
3 ?$.29
4 278.23
5 303.07
6 327.67
7 35t.37
I 375.98
9 399.31
t0 422.t9
il 44{.43
t2 465.95
t3 486.68
t4 506.5{
15 525.{7
16 5{3.40
t7 560.27
18 576.01
19 590.58
20 603.9r
2t 615.97
22 626.71



t tfr r.r97 *r

I
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I
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I
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I
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I
I
I
I
I
I



I

I
I

I
I
I
I
I
I
I
I
I
t
I
t
I
TF
I
lT
I
I
t

.00 2u.25 {22.50 633.75 8{5.00 t056.25

I .00 
l-t----*---------+---------+---------r-_-___--_1

:,
211.25 + 31.

_ 31.2
-. . r.2{
-. . I t24.
-..3r.2{5
_. . gg12{6

A {22.50 +...79126

-...7rt26
_....73125
- .....r7il2
-........31116
- .........33111r

I 633,75 + ..........99Sg
- ...r........9

I 8{5.00 +

5 1055.25 +

1267.50 +

l{78.75 +

1690.00 +

t. ... ....

t



BOUIIDARY

t{0.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
t
I

--SLOPE STAEILITY AIIALYSIS.-

SIITPLIFIED JAil8U IIETHOD OF SLICES

IRREGULAR FAILURE SURFACES

RUll DATE : 0l/t0/ 88 TIIIE : l4:{4: 55

PROBLEII OESCRIPTIOI{ TASTE ROCK DUIIP STAEILITY AI{ALYSIS - SECTIOII II(1. 3

BOUNDARY COORDII{ATES

3 TOP BOUI{OARIES

I8 TOTAL BOUI{DARIES

I
2

3

{
q

6

7

I
9

t0
1t
t2
13

t4
l5
l6
t7

lf,

I-LEFT
(FT)

.00

190.00

586.00

190.00

280.00

340.00

{00.00
460.00

540.00
680.00
765.00

92t.00
1070.00

t215.00
t350.00
l{95.00
1550.00

1600.00

Y-LEFT X-RI6HT Y-RI6HT
(FT) (FT) (FT)

50.00 190.00 50.00

50.00 586.00 350.00

350.00 1690.00 350.00

50.00 290.00 70.00

70.00 3{0.00 90,00

90.00 400.00 1t0.00
110.00 {60.00 130.00

130.00 540.00 t50.00
150.00 680.00 t70.00
170.00 765.00 t90.00
190.00 925.00 210.00

2t0.00 t070.00 230.00
230.00 1215.00 250.00

250.00 1350.00 270.00

270.00 t{9s.00 290.00
290.00 1550.00 3t0.00
310.00 1600.00 3t0.00
330.00 1690.00 350.00

SOIL TYPE

8EL0s 8il0

2

I
I
2

2

2

2

2

2

L

?

2

2

2

2

2

7

2



r--! .1r.r.r..!1!.\g

I- 2 IYPE(S) (]F SOIL

r s0IL T0TAL SAIURATEI} c0HEsl0ll FRIOTI0I{ PoRE pREssuRE plEzorErRrcTypE u*rT.rfr. ul]l_rfT. *rEncEpr nnari pniii]hE c'ilsTA*T 
''RFACE

I r{0. (pcF) (pcF) iiiii (DEE) plieriiii (psF) ilo.
'r I 130.0 130.0 .0 37.0 .00 .0 Iz tzs.o r2s.o rsoo:; 2e.o :il .o rI



I A CRITICAL FAILURE SURFACE SEARCHIilG ltETH0D, USIilG A nAN[0il

I IECH!{I0UE FoR BEilERATIilE CIRCULAR SURFACES, HAS BEEil SPECIFTE0.

I t00 TRIAL suRFAcEs HAvE BEEII GEIIERATED.

T

T IO SURFACES II{ITiATE FROtt EACH OF IO POIIITS EOUALLY SPACEDIt 410il6 THE 6R0UND suRFAcE BErEEN 
I = lil33 FI:

I EACH SURFAcE TERIIII{ATEs EETIIEEII I = 600.00 FT.

AllD I=800.00FT.

I
ur{LEss FURT!{ER LIfitTATIoilS HERE IilP0SED, THE ilmt}tui ELEIJATIoI{

I 
AT llHIcH A SURFACE EXTENDS Is Y = 30.00 FT.

25.00 FT. LII{E SE6}IEI{TS IEFIIIE EACH TRIAL FAILURE SURFACE.

I
RESTRICTIONS HAVE BEEI{ IIIPOSEII UPOII THE A116I.T OF II{ITIATIOI{.

I 
THE ANGLE HAs BEEI{ RESTRICTED BETIIEEI{ THE AltGLEs 0F -4s.0 Al{D s.0 DE6.

I
I
I
I
I
I
I
I
I
t
I



POIIIT

t{0.

I
I
I
I
a

l
I

FATL'RE suRFAcEs r*roiill';ild'ilrTil;fi :'J|i lli+i,...
FIRST.

I T SAFETY FACTORS ARE CALCULATED BY THE IIODIFiED JAIIEU IIETHOO T T

FAILURE SURFACE SPECIFIEII 8Y 23 COOROTIIAIE POIIITS

I
I
I
I
I
I
t
I

I
2
7

{
5

6

7

I
I

l0
lt
t2

t3
l{
t5
t6
t7
l8
l9
2A

2L

22

LJ

rtt

I-SIJRF Y.SURF(FT) (FT)

216.il 69.78
24t. l0 70.35
255.02 72.37
290.78 75.82
315.30 80.70
339.50 s6.99
363.29 94.67
386.60 t03.71
409.3{ t1{.09
{31.{5 125.77
{52.8{ t3g.7t
{73..t5 t52.86
493.20 168.18
512.0{ 18{.62
529.89 202,t2
5{6.70 n|,,62
552.{t 2{0.07
576.97 260.39
590.33 281.53
t02.{4 303.39
8t3,27 325.93
622.77 3{9.05
623. l0 350.00

l.16{ rrr

FAILURE SURFACE SPECIFIED 8Y 23 C{IORDII{ATE PIIIIIIS

I-SURF
(FT)

Y.SURF

(n)
P0n{I
t{0.

I
I
t
I

t
I

2

3

{
R

6

7

I
q

t0
tt
l2
t3
l{
t5
16

202,78 59.69
227.74 61.09
252.s9 63.i6
277.28 67.70
30t.74 72.88
325.90 79.30
349.71 85.9{
373.09 9s.78
396.00 105.80
419.36 1t6.97
4{0. t3 t29.26
{61.25 142.6{
{8t.56 157.08
501.31 172.53
520. t5 188.9i
538. t2 206.3{



I ii ijii# #[l
I f, iil ll tiffi

I 
tft 1.t72 *r

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
l
I
I
I
I
I
I
t
I
I
I

FAILURE SURFACE SPECIFIED BY 23 COORDII{ATE POIIITS

PtliI{T I-SURF

ilo. (FT)
Y-SURF

(FT)

I 220.56 73.152 2{5.55 n.s73 270.48 75.{{4 2fi,27 79,735 319.82 83.{36 3{4.06 89.557 367.91 97.04I 391.29 t05.899 4t{.l2 n6.07l0 {36.3{ 127.54ll 457.85 140.?8t2 478.50 15{.22t3 498.51 169.3{
t{ 517.52 195.5715 $5.57 202.87t6 552.60 221. t8t7 568.5{ 2{0.{3t8 583.35 260.5719 596.98 281.5320 609.39 303.2{2L 620.53 323.6222 630.36 3{8.6023 630.86 3s0.00

1.180 rrr

FAILURE SURFACE SPECIFIED 8Y 2{ C{IORDIIIATE P(III{TS

POII\|T T-SURF Y-SURFr{0. (FT) (FT)

I 193.99 52.95
2 218.6{ {9.{{
3 2{3.59 {7.69
4 268.58 47.70
5 293.52 {9.496 3t8.27 53.007 342.7t 58.26I 366.72 65.2{9 390. t7 73.89t0 4t2.96 84.15lt {3{.97 96.02L2 456.09 109.40t3 {76.2t t24.24t{ 495.3{ t{0.{5

t5 5t3.07 157.97
16 s29.63 176.70l7 5{4.8? t96.56l8 559.58 2t7,43t9 570.8{ 239.2220 58r.52 261.822t 590.59 285. t?22 597.99 309.0023 603.69 333.34



I
I
I

FAILURE SURFACE SPECIFIED BY 25 C{I{IRDII{ATE PIIIIITS

PtlII{T

iltl.

I
2
3

4

5

6

7

I
I

t0
il
t2
IJ

l{
t5
t6
t7
t8
I9

T.SURF

(FT)
Y.SURF

(FT)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

P{lII{I
l{0.

I

20

2l
22

23

24

25

t98.33 56.31222,28 5{.70248,28 5{.53273,25 55.80
298. t0 58.50
322.78 62.63
347. l{ 68. t7
371. 15 75. lt39{.73 $.{24t7.79 93.07
{40.26 t0{.04
{52.06 tt6.38
483. ll 129.76
503.36 l{{.43
522.73 160.24
5{1. l5 t77,Ig
558.57 195.06
574.93 2t3.97
590. t7 n3.78
60{.25 25{.4{
617. lt 275.98
629,72 298.02
639.03 320.80
648.02 3.f4. t3
649.90 350.00

1.207 rr*

FAILURE SURFACE SPECIFIED 8Y 23 COORDII{ATE P{ITNIS

2

J

T.SURF Y-SURF(FT} (FT)

220.s6 73.15
2{5.{9 74.98
270.30 78.01
294.94 92.25319.3{ 87.68
343.45 9{.29
367.21 102.07
390.57 ilo. 99419.{6 I2t.03
{35.8{ t32.t8
{57.65 144.{0
478.84 157.66{99.36 171.94
5t9. 16 t87.20
538.20 203.41
556.{3 220.52
s73.80 238.{9
590.28 257,29
605.83 276,87
620.{t 297.t8
633.99 318.18

4
B
r.l

6

7

I
9

l0
It
LI
t3
t4
l5
l6
t7
t8
I9
20

2t
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FAILURE SURFACE SPECIFIEII 8Y 25 C{IORIII{ATE POIIITS

POIIIT I-SURF

t{0. (FT)

I t93.89
2 218.{83 243.33{ 268.31
5 293.30
6 3tg.l9
7 342.85
I 367. t8
9 391.06
t0 {t{.37
il {37.01
t2 {58.97
13 {79.8{
r{ 499.83
ls 518.74
t6 536.{9
t7 552.98
t8 569.14
19 58t.90
20 594.20
2t 604.97
22 614,t7
23 62t.75
24 627.68
25 ffi0.37

Y-SURF

(FT)

52.95
{8.46
{5.68
{{.6t
{5.25
47.61

51.68

57. {3
6{.93
73.86

8{.46
96.60

I t0. 2t
t?s.22
t{1.57
t59. r8
t77.97
197. 95

2t8,72
240. {9
263.05

296.29

3r0. t2
33{.40
350.00

ftt 1.215 rrr

FAILURE SURFACE SPECIFIED 8Y 25 C{IIIRDITIATE P{IIIITS

P{III{T T.SURF

t{0. (FT)
Y-sURF

(FT)

L 2c,2.78 59.682 227,8t s6.783 252.57 55.{34 277.37 55.6{5 302.51 57.{t6 327,29 60,727 351.81 65.578 375.99 7t.g49 399.72 7g,7gl0 422,92 89.12tl 445.{9 99.8612 {67.35 til.99t3 488.{1 t25.46t{ 508.59 ua.22t5 527.82 156.2016 5{6.01 t73.35t7 5ffi.10 191.59tg 579.02 2t0.81t9 5$.71 23t.1020 607.u 232.202l 519. r8 27.t.10
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FAILURE SURFACE SPECIFIED BY 25 Ct}IlRl,IilATE PIIIIITS

I
t
I
I
I
I
I
I
t
I
I
I
I
I
I
I

a
I

?

3

4

5

6

7

I
9

l0
lt
t2
t3
t{
t5
t6
17

t8
l9
20

2l
22

23

24

25

T-SURF

(FT)

t89. {{
213.76
238. {5
263.36

288.36

313.31

338.05

362.,16

386.39

{09.70
432,27

{53.97
474.67

494.26

5t2.62
s29.65

5{5.25
559.34

571.8{
582.67

59t.77
599.09

604.59

608.2{
609. {l

1.222 *tt

Y.SURF

(FT)

50.00
44.2t
40.26

38. l8
37.99

39.68

43.24

48.66

55.90

6{.92
75.67

88.08

t02. t0
I17.6.r
t3{.60
152.91

t72.44
193.09

2t4.74
237.28

250.56

284.47

308. 95

333.58

350.00

t*I

FAITURE SURFACE SPECIFIED 8Y 2{ C(I(IR|}II{ATE POIIITS

P(IINT I.SURF
ilo. (FI)

I 211.67
2 236.66
3 261.59
4 296.40
5 311.0{
6 $5.4{
7 359.57
I 383.35
9 {05.73
t0 429,67
ll {52.1t
12 4n.99
13 495.28
r{ 5ls.9l
t5 $s.95
16 555.0{
l7 573.45
ra 591.0{
19 607.75
20 623.55
2L 638.{2

Y-SURF

(FT)

66. {l
67. l0
68.97

72.03

t6.27
81.68

88.25
95.96

l0{.80
I t{.75
12s.77

137. g6

t50.97
165.08

rg0. l7
r96. l8
213. t0
?30.87
2{9. {6
268. g3

288.33



t ;i ffi:iJ iii:it

I 
rtt 1.2{o lrl

I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I



IYAXISFI
I
I .00 211.25 {22.50 633.75 8{5.00 1056.25

' I .00 +-l-------+-------+---------+---------+-------t

l:
I
r :*
I 211.1J + 41.
I

; ,t;l
r -.7{rg

I A or,.* -'.lllt
I - "9{rl

I ,:ii,iilll,,r ......lszltt4r

t ......

t

t

t

I

I

I
t

+

+

+

+

+

00

25

,50

'E

.00

8{5.

1056

L2E7

1{78

l6?0

I
I
I
I
I
I
I
I
I
I
I



Mine Permit Number [I)t'r<<Onng Mine Name *qt n e+ S Crz u V.-.t- 4 t4 I
Operator V o t,,^r'eI/. *q,ne,! !Y*r, Date Sczr't'Lca ry tzl, /?88

This page is a reference page used to track documents internally for the Division of Oil, Gas and

Mining

TO FROM

_CONFIDENTTAL _BOND CLOSURE LARGE MAPS /irXrewoABLE

-MULTIPUL 
DOCUMENT TRACKING SHEET NEW APPROVED NOI

AMENDMENT OTHER

Description

NOI ! Incoming _Outgoing

YEAR-Record Number

Internal Superceded

NOI Incoming _Outgoing _Internal _Superceded

NOI Incoming _Outgoing Intemal _Superceded

NOI _Incoming _Outgoing _[nternal _Superceded

-TEXT/ 
8T/2X 11 MAP PAGES

COMMENTS:

CC:

11X 17MAPS LARGE MAP


